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CHAPTER 1. GENERAL INTRODUCTION 
Throughout the Midwest, cattle producers often harvest hay during the spring and 
summer months and feed this hay during winter months when pastures are dormant. The 
costs associated with feeding hay include production and storage costs as well as those 
associated with risk management in producing hay of acceptable nutritional quality. Harvest 
costs of large round bales have been reported to be approximately $40/acre which include 
costs of mowing, conditioning, raking, baling, and hauling (Barnhart et al. , 2004; Duffy and 
Smith, 2005). When labor and land values were included with hay production costs, hay 
harvested as large round bales was estimated to cost approximately $280/ac or $70/ton, 
assuming annual yields of four tons/acre (Duffy and Smith, 2005). At the same forage yield 
of four tons/acre, Brees (2003) estimated that the total production costs for cool season grass 
hay in northern Missouri were approximately $50/ton, resulting in a net loss of 
approximately $5/ton when hay was sold at $45/ton. Nutritive losses in large round bales 
occur because of weathering and penetration of moisture. Depending on method of storage, 
bales stored outdoors have an average 33% loss in dry matter, and can lose as much as 61 % 
in dry matter when stored uncovered on the ground (Rayburn, 1995). 
Because of the challenges and costs associated with hay production, alternatives to 
winter feeding of beef cattle have been studied. A grazing system in which cows grazed tall 
fescue meadow in early spring followed by one harvest of hay in the summer and winter 
grazing had lower production costs compared to a system in which cattle grazed in the early 
spring followed by two harvests of hay (D'Souza et al. , 1990). 
Year-round grazing, an alternative of feeding harvested feeds, can be accomplished 
with stockpiling forage, the accumulation of fall forage growth for late fall and winter 
grazing. In stockpiled forage systems for winter grazing in the upper Midwest, forage is 
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either grazed or harvested for hay until early August, when the forage is allowed to 
accumulate. After a killing frost, animals are allowed to graze the forage. 
Much research has been done with mature cattle grazing stockpiled forage (D'Souza 
et al. , 1990; Allen et al., 1992a; Adams et al., 1994; Hitz and Russell, 1998; Hersom, 1999; 
Schoonmaker et al., 2003). Less winter grazing research has been done with heifers (Clark, 
2003) and young cows that have requirements for growth in addition to maintenance and 
pregnancy. The objective of this research was to evaluate the performance of young cows in 
a stockpiled winter grazing forage system. 
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CHAPTER 2: LITERATURE REVIEW 
Forage management for stockpile grazing 
Forage Species 
Optimal temperature for growth of cool season grasses is around 20° C (Nelson and 
Moser, 1994), which is comparable to temperatures in August and September when forage is 
stockpiled for winter grazing. There are several cool season forage species that are suitable 
for stockpiling in winter grazing. Tall fescue is more tolerant of cooler air and lower soil 
temperatures as well as decreased light intensities than orchardgrass (Archer and Decker, 
1977a). Tall fescue becomes dormant when mean weekly temperatures are below 1.1 °C and 
grows above 10°C, while orchardgrass goes dormant at 4.4°C (Bums and Chamblee, 1979). 
Although growth of tall fescue is optimized by cool weather, weather conditions 
encountered during winter months have detrimental effects on its forage quality. The loss of 
green color in tall fescue, termed winter bum, occurs as nutrients are leached from the plant, 
causing a decline in forage nutritional quality (Bagley et al. , 1983; Sheehan et al. , 1985). 
Winter bum was evident in tall fescue following a two-month period of snow cover in 
January through early March resulting in a loss of green forage and IVDMD concentrations 
below 50% (Sheehan et al., 1985). Proportions of dead leaves in stockpiled tall fescue 
increased from 27 to 34% (Sheehan et al. , 1985), and 20 to 46% (Archer and Decker, 1977b) 
in early winter. Although dead leaves decrease the quality of the forage, the concentration of 
IVDMD of green leaves remaining in the forage changed little October to December (Archer 
and Decker, 1977b ). 
Tall fescue and orchardgrass forages kept their green color longer into the winter than 
reed canarygrass or smooth bromegrass; however, all grasses were brown by spring 
(Riesterer et al. , 2000a). Less lodging in tall fescue, early maturing orchardgrass and reed 
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canarygrass kept a greater proportion of the biomass above 8 cm (Riesterer et al., 2000a) 
which would decrease the amount of rotting that may occur. 
Tall fescue has been reported to have greater DM yields than orchardgrass during the 
stockpiling period before winter grazing (D'Souza et al., 1990; Prigge et al. , 1999). 
Similarly, tall fescue and an early maturing orchardgrass had greater forage OM mass than 
five other cool season grasses which included reed canarygrass, smooth bromegrass, timothy 
or a late maturing orchardgrass (Riesterer et al., 2000a). Forage OM masses in October were 
3.15, 3.03, 2.78, 2.16, and 2.45 Mg OM/ha for tall fescue, early maturing orchardgrass, late 
maturing orchardgrass, smooth bromegrass, and reed canarygrass. Allen et al. (1992a) 
studied stockpiled systems that included tall fescue-red clover, orchardgrass-red clover, and 
orchardgrass-alfalfa. Tall fescue-red clover pastures had greater DM yields of 2805 kg/ha 
than 1130 and 1425 kg/ha for orchardgrass-red clover and orchardgrass-alfalfa pastures at the 
initiation of grazing in November (Allen et al. , 1992a). Forage yields of tall fescue-red 
clover stockpiled in early August and fertilized with 44.8 kg N/ha ranged between 2500 to 
3300 kg DM/ha in a two year study by Clark (2003), and 3300 to 4300 kg/ha (Hersom, 
1999), while yields of smooth bromegrass-red clover were slightly lower, between 2400 to 
3700 kg/ha (Hersom, 1999). The addition of legumes, such as red clover, to a pasture will 
increase yield and quality of the forage (Taylor and Queensberry, 1996), however its 
resistance to weathering in stockpiled forage systems is poor. A minimum forty-five day 
regrowth period is required to allow red clover time to accumulate carbohydrate stores for 
greater winter survival in stockpiled forage systems (Taylor and Queensberry, 1996). Red 
clover stockpiled from mid August to November became senescent by December (Sheehan et 
al., 1985). At this time, the concentrations of IVDMD and total nonstructural carbohydrates 
had decreased significantly from initial values. Collins and Taylor (1984) also found the 
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concentration of IVDMD in red clover to decrease as the winter season progressed, with 
initial values of 67.7% declining to 52.2% fifty-six days after a freezing event. In addition to 
decreasing IVDMD, the concentration of CP in red clover decreased by 1.8% after 28 d 
following a freezing event (Hartmann, 2000). 
Alfalfa interseeded with orchardgrass in stockpiling systems had greater persistence 
to winter grazing than red clover-orchardgrass or red clover-fescue pastures (Allen et al., 
1992a). During the four year trial, the percentage of weeds in orchardgrass and fescue 
pastures increased because of red clover's low persistence in the forage systems (Allen et al., 
1992a). Similarly, alfalfa stockpiled with smooth bromegrass has been found to have poor 
persistence throughout winter grazing (Hitz and Russell, 1998). 
Because ofred clover's low persistence, Smith et al. (1985) recommend reseeding red 
clover every year at an optimal seeding rate of 4.5 to 7 kg/ha. Sowing red clover in February 
or March when grass swards are shorter alleviates the competition for red clover in the seed 
bed (Smith et al., 1985). Competition can also be minimized by allowing cattle to graze 
stockpiled forage during these spring months (Smith et al., 1985). 
Length of stockpiling 
Forage yields of stockpiled tall fescue can be increased by lengthening the stockpiling 
period before grazing (Collins and Balasko, 1981a; Johnston and Wand, 1999), however, 
forage nutritive value may be compromised (Collins and Balasko, 1981 b; Collins and Taylor, 
1984). When stockpiling was initiated in mid-July and mid-August, forage yields at the 
initiation of grazing in October were 4500 and 2600 kg/ha (Johnston and Wand, 1999). 
Stockpiling in early October resulted in less forage mass compared to stockpiling m 
September because of a shorter regrowth period (Collins and Balasko, 198 la). 
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However, with the greater forage mass by a longer stockpiling period, forage nutritive 
value was compromised. Crude protein concentrations were 10.3 and 14.7% for forage 
stockpiled from July and August to October (Johnston and Wand, 1999). When stockpiling 
began in mid-June, forage had greater maturity resulting in greater leaf senescence and 
greater fiber concentrations at the initiation of grazing in the fall compared to forage 
stockpiled from mid-July (Collins and Balasko, 1981 b ). 
Because of changes in forage nutritive values, Johnston and Wand (1999) suggested 
that type of animal grazing the pasture should determine length of stockpiling. Mature beef 
cows in early gestation have lower nutrient requirements and may benefit from greater yields 
that occur if stockpiling could be initiated earlier. In contrast, stockers or growing cattle 
require a greater quality of forage that would result by delaying the initiation of stockpiling 
to decrease maturity of the forage. 
Fertilization 
Nitrogen application increased stockpiled forage yields of fescue (Collins and 
Balasko, 1981a; Riesterer et al., 2000b). Optimal application rates for nitrogen fertilization 
depend on the weather and growing conditions in each season (Kerley et al., 1990). In dry 
soil conditions, tall fescue growth responded less to N fertilization than years with greater 
precipitation during the stockpiling period (Gerrish et al., 1994). 
Collins and Balasko (1981a) showed the optimum N fertilization rates for winter 
yields of tall fescue stockpiled in mid-June, early July, and mid-July were 126, 145, and 141 
kg/ha, respectively, while Gerrish et al. (1994) showed the optimum fertilization rate of N 
was 44.8 kg/ha. Nitrogen was used most efficiently for the first 44.8 kg/ha when applied to 
tall fescue (Gerrish et al., 1994). At an application of 44.8 kg N /ha, DM yields of fertilized 
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stockpiled tall fescue-red clover increased by 18.9% compared to unfertilized tall fescue-red 
clover (Hersom, 1999). 
In addition to increasing yields, N application increases the nutritional value of 
stockpiled tall fescue. Nitrogen application decreased the amount of dead leaves present in 
stockpiled forage at the initiation of grazing, which increased digestibility and decreased 
fiber concentrations of the forage (Archer and Decker, 1977a; Gerrish et al., 1994). 
Increasing rates of N application increased CP concentrations of stockpiled orchard grass and 
tall fescue (Archer and Decker, 1977b) and fescue (Collins and Balasko, 1981b; Gerrish et 
al., 1994). 
Besides increasing forage yield and nutritional quality, legumes fix N in the soil 
(Smith et al, 1985). Taylor and Queensberry (1996) summarized that the amount ofN fixed 
by legumes can range from 76 to 389 kg/ha in various environments. In grass-red clover 
mixed swards, 20 to 60% of the N in grass forage was supplied by N fixed by legumes 
(Taylor and Queensberry, 1996). Although N fixed by legumes is utilized by grasses, forage 
yields of stockpiled fescue fertilized with 90 kg N/ha were 113% greater than yields of 
stockpiled fescue-red clover (Allen et al., 1992b). 
Forage nutritive value 
Strohbehn et al. (2004) summarized 10 years of research conducted at Iowa State 
University on the quality of stockpiled tall fescue-red clover, tall fescue-alfalfa, and smooth 
bromegrass-red clover. Concentrations of CP and IVDMD averaged 11.4, 43.4; 10.0, 45.5; 
and 11.3, 48.5% DM, for smooth bromegrass-red clover, tall fescue-alfalfa, and tall fescue-
red clover throughout winter grazing. Orchardgrass had greater concentrations of CP than 
tall fescue at different harvest dates throughout the fall and winter (Archer and Decker, 
1977a). The IVDMD concentration decreased by 7.2% in stockpiled orchardgrass and tall 
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fescue in 105 d (Archer and Decker, 1977a), and decreased by 6.2% in tall fescue from mid-
December to mid-February (Collins and Balasko, 1981b) due to weathering of the forage. 
Total nonstructural carbohydrates in tall fescue stockpiled in August decreased by 10.4% 
from November to February because of weathering losses (Bagley et al., 1983). 
Hand-clipped pasture samples give an approximation of the composition of the forage 
quality available to grazing animals, but may not closely represent the composition of forage 
that grazing animals select. Dubbs et al. (2003) found that pasture samples, hand-clipped to a 
height of 2 cm, had greater OM, NDF, and ADF concentrations and lower CP concentrations 
than rumen masticate samples from steers grazing summer tall fescue pastures. Similarly, 
steers grazing summer tall fescue pastures consumed forage with lower concentrations of 
NDF and ADF in November, possibly due to selective grazing of fescue regrowth 
(McCracken et al., 1993). Forage selected by steers did not differ in total Nor total available 
N despite advancing forage maturity (McCracken et al., 1993). 
The differences between forage selected by animals and hand-clipped pasture samples 
have also been reported for winter trials in which animals were grazing dormant forage. 
When grazing stockpiled tall fescue-red clover pastures, steers selected higher concentrations 
of IVDMD and CP (Hersom, 1999). Selection indices for IVDMD and CP, expressed as the 
ratio of concentrations of the components in the selected forage to those in the hand-clipped 
forage were 1.51 and 1.12. Selection indices of 1.01 and 1.00 for ADF and NDF 
demonstrated that the concentrations of these components in hand-clipped pasture samples of 
tall fescue-red clover did not differ to forage selected by grazing cattle (Hersom, 1999). 
Clark (2003) also found cattle selected forage with a higher concentration of IVDMD than 
samples that were hand-clipped. Furthermore, cattle grazing at a low stocking rate of 0.84 
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heifer/ha selected forage with higher concentrations of IVDMD and CP than cattle grazing at 
a stocking rate of 1.17 heifer/ha apparently because of greater forage allowance. 
Economics of stockpiled grazing 
Feed costs are the largest expense for beef cattle production (Strohbehn, 1990), which 
can be reduced by grazing stockpiled forage (Strohbehn, 1990; Adams et al. , 1994). Grazing 
stockpiled forage decreased the amount of hay required for cattle through the winter 
compared to cattle fed hay ad libitum in the winter (Hitz and Russell, 1998; Hersom, 1999; 
Schoonmaker et al., 2003; Janovick et al., 2004). 
However, grazing of stockpiled forage may be limited by snow or ice requiring the 
feeding of hay and/or concentrate supplements. Spring-calving cows grazing corn crop 
residues and stockpiled smooth bromegrass-red clover pastures during winter required 624 
and 1096 kg DM hay/cow in winters with above average snowfall, compared to cows 
maintained in a drylot that were fed a mean of 2234 kg hay/cow (Janovick et al., 2004). 
Although cows grazing stockpiled orchardgrass in mid- and late gestation were supplemented 
with a limit-fed grain-based diet when weather prevented grazing, less supplemental feed 
was fed throughout the winter period compared to feeding hay ad libitum or feeding hay with 
limit-fed corn (Schoonmaker et al., 2003). With less supplementation required for cows 
grazing stockpiled forage, daily production costs were reduced for cows in mid-and late 
gestation (Schoonmaker et al., 2003). 
Increasing the stocking rate of stockpiled forage pastures to 1.17 heifer/ha further 
reduced the daily cost of production compared to a stocking rate of 0.84 heifer/ha as land 
costs per animal were reduced with a higher stocking rate (Clark, 2003). A sensitivity 
analysis included with the economic data of Clark (2003) showed that feeding heifers in a 
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dry lot was more sensitive to a 20% increase or decrease in hay price than a 20% increase or 
decrease in pasture rental costs. 
Greater forage yields in stockpiled tall-fescue red clover pastures reduced the 
amounts of hay supplemented to cows grazing stockpiled tall-fescue compared to those 
grazmg stockpiled orchardgrass-red clover or orchardgrass alfalfa pastures (Allen et al. , 
1992a). 
Nutritional Requirements of Winter Grazing Cows 
Relationship of body condition and production 
Maintaining a 365-day calving interval is important to have calves at similar weaning 
weights and maintain a shortened calving season, and therefore, the postpartum interval from 
calving to the first postpartum estrus should be approximately 80 days or less (Ferrell, 1991). 
The length of the postpartum interval is affected little in cows fed a diet with adequate 
nutrition, however, underfeeding energy to cattle may increase the interval (Ferrell, 1991). 
Underfed heifers, fed low levels of total digestible nutrients for 90 days prior to calving, had 
longer postpartum intervals, lower body weights and condition scores prior to calving, and 
lower calf birth weights than heifers fed high levels of total digestible nutrients (Bellows and 
Short, 1978). 
Following parturition, cows are in a state of negative energy balance (Mwaanga et al. , 
2000) when more energy is expended than consumed (Dunn and Moss, 1992). At this time 
of negative energy balance, utilization of fat stores are prioritized for lactation, maintenance, 
growth, and reproduction (Mwaanga et al. , 2000). Therefore, cows with low energy stores 
had reduced reproductive efficiency, characterized by longer postpartum intervals and lower 
pregnancy rates (Mwaanga et al. , 2000). 
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Body condition scores (BCS) have been used to estimate the external fat cover of 
cattle and do not require equipment or restraining of the animal (Richards et al., 1986; 
Wagner, 1988; Houghton et al., 1990b). Houghton et al. (1990b) found BCS on a 5-point 
scale plus body weight predicted the amount of fat in the carcass (r = 0.70) and empty body 
(r = 0.74). Body condition scores plus weight were better predictors of percentages of 
carcass lipid and total empty body lipid than using weight, weight to height ratios, or body 
condition scores alone (Houghton et al., 1990b ). Body condition scores on a 5-point scale 
used by Houghton et al. (1990b) can be equated to the 9-point scale of Neuman and Lusby 
(1986) in which condition scores of 2, 5, and 8 are comparable to 1, 3, and 5 on the 5-point 
scale (Houghton et al., 1990b ). Condition scores on a 9-point scale are based on the fat cover 
on the back, ribs, hooks, pins, brisket, and tailhead of cows with a score of 1 being emaciated 
and a condition score of 3 being very thin with the backbone easily visible and no fat on the 
ribs. A moderate to thin cow with little fat over the ribs and the last 2 or 3 ribs visible will 
have a condition score 5, while cows that are very obese will have a condition score of 9 
(Neuman and Lusby, 1986). 
Cows that were slightly thin to moderate in postpartum condition had higher 
pregnancy rates and acceptable postpartum intervals than over-conditioned cows, and over-
conditioned cows required more feed and had lower pregnancy rates than moderately 
conditioned cows (Houghton et al., 1990a). Therefore, keeping cows in moderate condition 
allows them to rebreed sooner and decreased the post-partum interval (Houghton et al., 
1990a; Looper et al., 2003). According to Freetly et al. (2000), cyclic changes in condition 
may benefit the reproductive efficiency and economics of the herd. Cows losing body 
condition in the second trimester and gaining condition in the 28 d postpartum, gained weight 
faster after calving than cows that were kept in moderate condition through calving (Freetly 
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et al., 2000). Maintaining cows at BCS of 4.3 to 4.5 on a 9- point scale will provide 
acceptable reproduction rates and require less supplement, improving economics of the herd 
(Ferrell, personal communication). 
Although body weight and body condition loss may occur during gestation, this 
decrease may not have a detrimental effect on cattle performance. Cattle can cycle in body 
weight and body condition scores without affecting the percentage of heifers rebreeding or 
the percentage of young cows expressing a corpus luteum prior to breeding if heifers are 
allowed to gain weight rapidly from parturition to breeding (Freetly et al., 2005). Young 
cows fed to restrict weight gains in the second and third trimester of pregnancy and the first 
28 d of lactation, but fed high levels of energy thereafter had heavier body weights at the 
initiation of breeding, 63 d postpartum, than young cows fed to have moderate body weight 
gains during pregnancy and early lactation. 
Hough et al. (1990) also demonstrated the ability of cattle to cycle in weight with no 
effect on subsequent reproduction. Although cows restricted to 57% of their crude protein 
and energy requirements (NRC, 1984) for 90 d prepartum utilized body reserves during 
pregnancy, calf weaning weights or rebreeding percentages of these cows did not differ from 
cows fed at their crude protein and energy requirements (Hough et al., 1990). 
Maintaining body condition score and body weight of grazing cows 
Animals stocked on pastures spend greater portions of the day grazing and less time 
lying than animals housed indoors (Blaxter, 1962). Energy expended in walking and outdoor 
activity is approximately 15% greater for dairy cattle managed outdoors than housed indoors 
(Blaxter, 1962), while grazing sheep have a 30 to 40% greater maintenance requirement than 
pen-fed sheep (Allden, 1969). 
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With increased activity of grazing cows, protein or energy supplementation may be 
necessary to reduce weight loss. Cows grazing stockpiled Bermuda grass without 
supplementation lost more body weight and body condition than cows grazing stockpiled 
Bermuda grass supplemented with protein (Wheeler et al., 2002). In Canada, cattle grazing 
rough fescue lost more body weight than those grazing annual pastures of com or winter 
wheat during the fall or fed hay and silage during the winter (Willms et al., 1993). Willms et 
al. (1993) concluded that cows grazing rough fescue in Canada may benefit with the feeding 
of harvested forages or supplemental protein in the winter to decrease weight loss, and 
subsequently, improve reproduction. 
Although loss of condition and weight for cattle grazing stockpiled forage may occur, 
subsequent grazing of spring pasture may allow these cattle to gain back the condition or 
weight lost. During early lactation, spring-calving cows grazing winter stockpiled forage 
gained condition while those that were housed in a dry lot lost condition (Hersom, 1999). 
This cycling in body weight has not resulted in detrimental effects on subsequent 
reproduction (Freetly et al. 2000; Freetly et al., 2005). After being fed a low plane of 
nutrition during the winter and allowed to graze spring pasture, steers had greater ruminal fill 
and forage intake (Tayler, 1959). Greater intakes of a concentrate-hay diet permitted weight 
gain in compensating cattle (Ryan et al., 1993). 
Energy and protein requirements during gestation 
As cattle advance in gestation, nutrient requirements increase to fulfill the needs of 
the fetus (NRC, 1996). Ninety percent of fetal growth occurs in the last forty percent of 
gestation (Ferrell, 1991). In the last six months of gestation, cows should gain 57 kg of body 
weight as conceptus growth (NRC, 1996), increasing NEm and protein requirements by 36 
and 39% in the last 90 d of pregnancy (NRC, 1996). These requirements are used for fetal 
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growth, repleting tissue energy and protein reserves for calving and lactation, and ensuring 
an 80-day postpartum interval (NRC, 1996). In addition to the requirements for pregnancy, 
heifers have further requirements for growth (NRC, 1996). 
Nutrient requirements for cattle fluctuate throughout the year, depending on the stage 
of production of the cow (NRC, 1996). Mean ME intakes of Angus and Simmental cattle at 
maintenance were 107.9 and 133.2 kcal/kg BW0·75 respectively, throughout a year (Laurenz 
et al. , 1991 ). In non-pregnant, non-lactating, mature cows, energy requirements were lower 
during the spring and fall than during the summer when a greater portion of weight gain is fat 
(Laurenz et al., 1991 ). Pregnant cattle in the winter with greater body condition had higher 
energy retentions and lower energy requirements as fat has lower maintenance requirements 
than protein (Thompson et al. , 1983). As a result, cattle with greater body condition in the 
fall had lower winter maintenance requirements, but required greater caloric intake in the fall 
to increase body fat stores. Cows that consumed ad libitum diets had a greater proportion of 
the empty body gain as fat than protein, as empty body water and protein increased 11 % 
while empty body fat doubled (DiCostanzo et al. , 1990). 
As energy and protein requirements and forage availability in grazmg systems 
fluctuate throughout a cattle production cycle, cyclic changes in body weight and condition 
of heifers did not affect subsequent reproduction (Freetly et al., 2005). Heifers fed a diet to 
limit body weight gain from the second trimester through the first 28 d of lactation were able 
to replenish their body reserves to a BCS of 5.5 on a 9-point scale prior to breeding if fed 
adequate energy subsequently (Freetly et al. , 2005). Similarly, two-year old cows fed to lose 
body weight in the second trimester of gestation and maintain this reduced body weight 28 d 
postpartum were able to replenish body reserves as BCS at breeding to 4.5 and did not differ 
from cows managed to have moderate B W gains during pregnancy and lactation. 
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As gestation progresses, cow nutrient requirements increase and may be supplied by 
increasing intake. However, dry matter intake does not always increase prior to parturition 
(Vanzant et al. , 1991; Stanley et al. , 1993; Schaffer et al. , 2001). Dry matter intake of ewes 
(Forbes, 1969) and heifers (Patterson et al. , 2003b; Clark, 2003) decreased prior to 
parturition. Forbes (1969) attributed this to a decrease in rumen volume as the fetus 
. . . 
mcreases m size. 
Decreased feed intake has also been attributed to hormones (Forbes, 1986; Garrett 
and Grisham, 1999; Morrison et al. , 2001; Delavaud et al. , 2002; Liefers et al., 2003). 
Leptin, produced by adipose tissue as fat deposits accumulate (Garrett and Grisham, 1999), 
limited feed intake (Garrett and Grisham, 1999; Morrison et al. , 2001). Lean Holstein cows 
had significantly lower concentrations of leptin than fat Holstein cows (Delavaud et al. , 
2002). Cattle underfed at 60% of the maintenance energy requirements had lower 
concentrations of leptin in blood, as well as lower body weights and BCS (Delavaud et al. , 
2002). 
Estrogen and progesterone, hormones produced by the placenta, also influence intake 
(Forbes, 1986). High levels of estrogen decreased feed intake and low levels of estrogen 
stimulated feed intake, while progesterone modified the effects of estrogen on intake (Forbes, 
1986). While the amounts of progesterone produced increased throughout pregnancy, 
estrogen production increased slowly throughout the second half of pregnancy and 
dramatically in the last days prior to parturition (Forbes, 1986). 
If dry matter intake or digestibility of the diet does not increase in the last trimester of 
pregnancy, cattle must have alternative methods for meeting metabolic energy needs. 
Decreasing energy needs or using body reserves are alternatives to meeting energy 
requirements in late gestation (Mertens, 1994 ). Scheaffer et al. (2001) found pregnant heifers 
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to have lighter carcass weights with progressing gestation, as the fetuses and mammary 
glands were using body reserves for growth. Simultaneously, the mass of the duodenum 
increased (Scheaffer et al., 2001), seemingly to increase digestion of remaining starch and 
absorption of sugars and amino acids (Berne and Levy, 1983). The number of duodenal cells 
and their size is an indication of the environment and diet, however, and may not be affected 
by the heifers' need for increased nutrients (Scheaffer et al., 2003). 
As ruminal capacity decreased in late gestation, cows maintained DMI and DM 
digestion, however, the rate of passage increased (Stanley et al., 1993). With a decrease in 
volume of the rumen, rumen particles had higher rates of passage (Forbes, 1970; Hanks et al., 
1993; Stanley et al., 1993), and lower retention times (Forbes, 1970; Hanks et al., 1993) as 
parturition approached. Vanzant et al. (1991) also reported that indigestible fiber had a 26% 
greater rate of passage for pregnant than non-pregnant heifers. 
Greater forage selection does not seem to occur in pregnant animals to increase 
nutrient consumption. Forage selection of ADF, indigestible ADF, CP, and ADIN by 
pregnant or non-pregnant heifers did not differ on an ash-free basis (Vanzant et al., 1991). 
Dietary dry matter digestibility was not different between pregnant and nonpregnant cows 
consuming hay (Hanks et al., 1993; Stanley et al., 1993), but Vanzant et al. (1991) noted that 
pregnant heifers grazing range had lower NDF digestibilities than the non-pregnant heifers 
because of an increased passage rate. 
Other physiological changes have been observed in pregnant heifers. Jejunal cell 
numbers as well as the length of villi in the small intestinal tract increased during gestation 
(Scheaffer et al., 2003). These changes allow for more surface area for absorption of water 
and allow greater movement of potassium into the blood for the heart and lung (Berne and 
Levy, 1983). 
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Winter weather effects on animal behavior 
As air temperature drops below the lower critical temperature for cattle during winter 
grazing, heat is lost through environmental and animal factors increasing the animals' NEm 
requirements (NRC, 1996). Environmental factors contributing to heat loss include air 
movement, precipitation, humidity and thermal radiation while animal factors that contribute 
to heat loss include convection, conduction, and radiation losses from the surface which are 
dependent on external and internal insulation of the animal as well as evaporative and 
respiratory losses. 
Animals can adapt to changes in temperature by changing their behavior to seek 
shelter, change posture to minimize heat loss, make physiological adaptations such as 
shivering to increase heat production, and increase basal metabolism and feed and water 
consumption (NRC, 1996). Changes in metabolism and physiology occur in cattle at 
temperatures below the critical temperature (Young, 1988). For each degree below 20° C 
that an animal is adapted to, the maintenance requirement increases 0.91 % and appetite 
increases to meet the increase in energy demands (Young, 1988). In calves and steers 
exposed to cold temperatures, increases in feed intake may reduce digestibility. 
Christopherson (1976) reported that a decrease of one degree Celsius decreased DM 
digestibility 0.21 % in calves and 0.08% in steers. Energy metabolism was increased for 
heifers housed outdoors as concentrations of nonesterified free fatty acids were greater 
starting at 195 d of gestation through parturition compared to heifers housed in a 
thermoneutral environment (Andreoli et al., 1988). 
Winter temperatures and snow may affect grazing patterns of cattle. Standard 
operative temperatures, calculated by the animals' resistance of heat loss through body 
temperature, long and short radiation, and wind speed, were found to better predict location 
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of cattle on winter range than forage yield or forage quality (Beaver and Olson, 1997). Time 
spent grazing decreased as daily temperatures decreased for six year-old cattle (Prescott et 
al., 1994). Although Adams et al. (1986) reported grazing time per day was associated with 
the minimum daily temperature and snow cover, Dunn et al. (1988) found that snow did not 
affect daily grazing time. Three-, five-, and seven year-old cows grazed as groups in the 
afternoon and grazed approximately the same amount of time each day regardless of 
temperatures (Dunn et al. , 1988). Immediate decreases in ambient temperature caused cattle 
to decrease the amount of time spent grazing in the evening, but again had no effect on the 
total daily grazing time (Dunn et al., 1988). 
Young cows have been shown to exhibit different winter grazing patterns than older 
cows (Adams et al., 1986; Dunn et al., 1988; Beaver and Olson, 1997). Three-year old cows 
grazed less time per day in colder temperatures than did six-year old cows (Adams et al., 
1986). On Montana range stocked with three-year old and seven to eight year-old cattle that 
were experienced or inexperienced in winter grazing, older cows avoided open areas and 
preferred sheltered areas regardless of forage availability, while three-year old cattle used 
open areas for grazing more than expected based on availability of unprotected areas (Beaver 
and Olson, 1997). Three-year old cattle grazing winter range also traveled farther and spent 
more time grazing which may have resulted from their greater energy requirements per unit 
of live weight (Dunn et al., 1988). 
Protein and energy supplementation of grazing cattle 
The rumen contains different species of bacteria and other microbes depending on the 
animal's diet. Ruminants consuming high forage diets have greater proportions of 
cellulolytic bacteria for digestion of fiber, while cattle consuming diets high in concentrates 
have greater proportions of amylolytic bacteria to digest starch (Owens and Goetsch, 1988). 
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The pH in rumens of cattle consuming high roughage and concentrate diets are 6.2 to 7 and 
5.5 to 6.2, respectively (Owens and Goetsch, 1988). Addition of grain to a forage diet 
decreases the pH of the rumen and causes a change in the bacterial population which 
decreases digestibility of the forage (Fahey and Berger, 1988). This decrease in forage 
digestibility is caused by a decrease in ruminal pH and to bacteria selecting to digest soluble 
carbohydrates before fiber (Fahey and Berger, 1988). 
While fiber-degrading microbes use ammonia solely as a N source, microbes 
degrading nonstructural carbohydrates can produce ammonia and utilize ammonia or 
peptides and amino acids as N sources (Russell et al. , 1992). Proteins in forages are usually 
degraded quickly, but this process is much slower for protein in grains (NRC, 1996). The 
slow and continuous digestion of proteins in grains provides a continuous source of ammonia 
for microbial growth (Owens and Zinn, 1988), therefore, providing fiber degrading microbes 
a source ofN. 
Supplementation of protein and energy during gestation provides nutrients for the 
cow and fetus, and can affect calf birth weights and subsequent reproduction of the cow. 
Freetly et al. (2000) demonstrated that calves whose dams were fed to lose body condition in 
the second trimester and regain the condition in the 28 d following parturition had 
compensatory gains during the first the 58 d following birth. These compensatory gains 
resulted in similar weights at 58 d of age to calves whose dams were fed to maintain a body 
condition score of 5.5 on a 9-point scale from the second trimester through 28 d post-partum. 
Energy supplementation added greater body condition to cows reducing the post-partum 
interval to first estrus (Houghton et al. , 1990a). 
Total dry matter intakes of sheep increased when chopped coastal bermudagrass hay 
was supplemented with energy, but intake of hay was lower compared to sheep fed hay only 
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(Garces-Yepez et al. , 1997). Inclusion of com in the diet decreased fiber digestion in steers 
(Grigsby et al., 1993) and sheep (Garces-Yepez et al., 1997) as the starch content in com 
caused a change in ruminal fermentation (Fahey and Berger, 1988). 
As a result of lower forage intakes and decreased fiber digestion, cows grazing winter 
range supplemented with energy from ear com lost more body weight in the winter and 
during calving compared to cows fed ear com and a protein supplement (Sanson et al., 1990). 
However, supplementing cows grazing winter native range in late gestation and early 
lactation with soybean hulls resulted in greater body weights and less body condition loss 
than supplementation with soybean meal (Marston et al., 1995). Supplementation of wheat 
mids to cows consuming prairie hay increased forage DMI and digestibility compared to 
supplementation with soybean meal (Ovenall et al. , 1991). 
Protein supplementation of hay increased total dry matter intake, but decreased forage 
intake of steers compared to steers consuming hay only (Sanson et al., 1990). In contrast, 
protein supplementation to cows consuming prairie hay increased dry matter intake of hay 
and digestibility of dry matter (Ovenall et al., 1991). 
Compared to com grain, com gluten feed contains twice as much protein and is 
approximately equal in energy concentration when fed to cattle in a forage-based system 
(Boyles, 2004). In wet milling of com, the starch and oil are removed from the com kernel 
leaving bran, protein, minerals, vitamins, and energy sources, which are combined to produce 
com gluten feed. The Ca:P ratio in com gluten feed is approximately 1: 10 and, therefore, Ca 
supplementation is required for diets in which corn gluten feed is included (Boyles, 2004). 
With starch removed from corn gluten feed, the population of the starch- degrading 
amylolytic bacteria in the rumen should not increase and ruminal pH would not be affected in 
cattle fed corn gluten feed, (Owens and Goetsch, 1988), and, therefore, supplementation with 
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com gluten feed had no effect on fiber digestion (Cordes et al., 1988). Although no 
depression in forage intake was observed for cattle consuming grass hay diets supplemented 
with com gluten feed, cows had greater total organic matter intake (Cordes et al., 1988). 
Importance of dry matter intake 
Production in cattle, measured as growth, fattening, or lactation, largely depends on 
intake or the amount of nutrients an animal will consume (Minson and Wilson, 1994 ). Reid 
(1961) found dry matter intake to have a greater effect on energy intake than digestibility of 
the diet, as 60 to 90% of the variation in digestible dry matter intake or intake of digestible 
energy was related to a difference in intake, while 10 to 40% was related to digestibility. 
Knowing the actual DMI of cattle would allow researchers and producers to properly 
estimate production, and therefore, diets can be better formulated to meet the nutrient 
requirements of the animal. There are several mechanisms that control intake of forage and 
these mechanisms vary depending on the animal and quality of the forage (Waldo, 1986; 
Allen, 1996; Dado and Allen, 1995). 
Factors affecting forage intake in grazing animals 
Intake of grazing cattle is limited, in theory, by physiological limitations, physical 
limitations, or psychogenic modulation (Mertens, 1994). Mertens (1994) described intake of 
ruminants in four statements. First, ruminants eat to fulfill the energy needs of tissues, which 
are determined by the genetic and physiological state of the ruminant. Ruminants will also 
eat to fulfill their appetite, a response to meet long-term nutrient requirements, when diets are 
adequate in nutritional value. Ruminants will eat to fill their gut capacity and gut capacity 
will increase to an extent to allow greater intake when diets are low in nutritional value. 
Also, a change in physical limits and physiological regulation can be accomplished through 
feed palatability, disease, social interactions, and management. 
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Intake of ruminants consuming high forage diets are limited by ruminal fill assuming 
that animals will consume forage until gut capacity is met (Dado and Allen, 1995). Ruminal 
fill is controlled by the amount of feed consumed and output of digesta from the rumen 
(Waldo, 1986; Allen, 1996). Mertens (1994) summarized previous research that 
demonstrated the ruminal fill theory. Ruminants fed high bulk and low energy diets had 
limited intake because of limited volume in the reticulorumen. When consuming high bulk 
diets, distension in the rumen limited intake and triggered stretch receptors to stimulate the 
brain, signaling the satiety center to end the meal. Dado and Allen (1995) observed that 
adding inert fill to the rumen decreased DMI if ruminal capacity and digestion of ruminal 
contents are limited. 
Neutral detergent fiber has been used to measure the bulk density of the diet 
(Mertens, 1994). Neutral detergent fiber is a measure of plant structural components (Jung 
and Allen, 1995) consisting of cellulose, hemicellulose, lignin, and wall-bound protein (Van 
Soest and Marcus, 1964). The slowly-digesting fiber and rapidly dissolving solubles 
(Mertens, 1987) separated by NDF analysis differ in digestibility, the volume occupied in the 
digestive tract, and the amount of chewing required reduce particle size (Mertens, 2003). 
Greater concentrations ofNDF limit intake as the slowly degrading, structural components in 
plant cells increase ruminal fill (Meissner and Paulsmeier, 1995). 
Methods of estimating dry matter intake in grazing animals 
Estimating dry matter intake (DMI) of grazing animals is more difficult than 
measuring intake in controlled feeding systems (Bums et al. , 1994). Several direct and 
indirect methods are used to determine DMI in grazing cattle (Allden, 1969; Hom et al. , 
1981 ; Hodgson, 1982; Meijs et al., 1982; Merchen, 1988; Dougherty et al. , 1989; Pond et al. , 
1989; Lippke, 2002). The amount of forage consumed has been determined by weighing the 
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animal prior to and following a grazing period, with adjustments made for fecal, urinary, and 
insensible heat losses (Allden, 1969). Horn et al. (1981) developed the Animal Weight 
Telemetry System in which cattle were fitted with a boot on each foot to continuously record 
the weight of the animal to determine weight gain from forage consumed. However, fecal 
and urinary losses occurred and were not accounted for in this procedure (Burns et al., 1994). 
Values of dry matter intakes were 5% lower when animals were weighed before and after a 
grazing period compared to forage intakes estimated by fecal N concentration (Allden, 1969). 
Animal behavior has also been used to determine DMI (Hodgson, 1982). Intake was 
calculated by multiplying bite size by the rate of biting by the grazing time, over a day. The 
time spent grazing and ruminating was differentiated and rumination was not included in the 
calculation (Hodgson, 1982). The disadvantages associated with calculating DMI from 
animal behavior included selection by the animal, sward conditions, grazing management, 
and climatic variation (Hodgson, 1982), herbage mass, and grazing time (Coleman et al., 
1989). 
Measuring forage disappearance has been another approach to estimate forage 
consumption by cattle in pastures (Meijs et al. , 1982) or by tethered cattle (Dougherty et al., 
1989). In this technique, forage was measured before and after grazing and forage loss was 
assumed to be consumed by the animal. In this technique, forage growth must be accounted 
for, and, therefore Meijs et al. (1982) advised using this method during a short period or 
using grazing exclosures to measure forage growth. When using tether chains, cattle were 
allowed to graze during experimental periods of 90 min per day (Dougherty et al., 1989). 
Disadvantages with this method include variations in herbage mass and botanical 
composition, and trampling of forage (Meijs et al., 1982). Estimation of forage intake by 
measuring forage disappearance is accurate as long as forage is measured correctly. 
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However, for estimating herbage mass pnor to and following grazmg, coefficients of 
variation of 5.6 to 19.6 were reported by Meijs et al. (1982). Smit et al. (2005) compared the 
methods of herbage disappearance and the ratio of dosed synthetic even chain n-alkanes to 
two, naturally occurring odd chain n-alkanes to predict intake of Holstein Friesian cows. A 
weak relationship was found between the herbage disappearance and the n-alkane method (r 
< 0.50). Smit et al. (2005) cited animal selection and spatial variation in the sward as well as 
variation in dosing of alkanes as faults in the prediction of intake using the herbage 
disappearance or the n-alkane method. 
Forage intakes of grazing cattle have been indirectly calculated from the fecal output 
and digestibility of the diet. This method requires either total fecal collection or estimation 
of fecal output from external markers and an estimation of the digestibility of forage 
consumed (Bums et al, 1994). Using these variables, forage dry matter intake was calculated 
by multiplying fecal output by indigestibility of the diet. To collect total fecal output for a 
day, fecal collection bags were fitted on the animal with harnesses and emptied once or twice 
per day depending on the volume of manure excreted (Le Du and Penning, 1982). Although 
this method requires much labor to fit and empty fecal bags and animal behavior may be 
altered, estimation of fecal output using fecal bags is accurate providing no feces are lost (Le 
Du and Penning, 1982). Fecal collection harnesses did not affect weight gain of sheep 
permanently fitted with the harnesses (Allden, 1969). 
External markers are added to the feedstuff in a single pulse dose or dosed daily 
(Lippke, 2002). Chromic oxide is a common and accepted marker for feces because it can be 
completely recovered (Merchen, 1988) and fecal production can be estimated within 6% (Le 
Du and Penning, 1982). However, chromic oxide moves through the digestive tract 
independently of digesta dry matter or liquid (Lippke, 2002) and may have diurnal and daily 
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variation (Merchen, 1988; Lippke, 2002). A strong complex is formed between plant cells 
and chromium in chromium-mordanted fiber, thereby making it an acceptable marker (Uden 
et al., 1980; Merchen, 1988). However, in the process of binding the fiber and chromium, 
damage may occur chemically to the fiber so passage rates may not be accurately represented 
(Merchen, 1988). Greater concentrations of chromium mordanted to alfalfa fiber increased 
density of the particles and increased rates of passage from the rumen (Ehle, 1984). In the 
prediction of fecal output using chromic oxide and chromium-mordanted fiber, there was no 
difference in the amount of feces predicted between the two markers, and neither marker 
affected dry matter intake or digestibility of the diet (Felton and Kerley, 1999). Macoon et 
al. (2003) found the use of pulse-dosed chromium-mordanted fiber to overestimate DMI in 
grazing dairy cattle compared to the animal performance and herbage disappearance 
techniques. 
Markers can be dosed daily, which increases labor and animal handling while 
interrupting behavior and grazing patterns (Burns et al., 1994) or can be pulse-dosed which 
reduces animal handling (Pond et al., 1989). When using markers, rate of passage, gut fill, 
mean retention time, and fecal output can be calculated (Pond et al, 1989). After 
administering a marker, collection of fecal samples allows development of a marker 
excretion curve (Lippke, 2002) and fecal output is determined using rumen volume and the 
rate of passage for digesta (Van Soest et al., 1983). 
Sampling of the diet must be accurate when using indirect measurements to predict 
DML Forage samples, similar to what a grazing animal is selecting, can be hand-plucked or 
clipped (Le Du and Penning, 1982; Burns et al., 1994). Alternatively, masticate samples 
from animals that are ruminally or esophageal cannulated will yield samples that are 
representatitive of the digestibility of the diet (Le Du and Penning, 1982). 
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Using NDF or indigestible NDF to predict intake 
Mertens (1987) used the NDF-Energy Intake System to predict intake in ruminants 
fed at ad libitum levels of diets where DMI was restricted by ruminal fill. In this model, 
animals consumed 1.25 ± 0.1 % of their BW as NDF each day. The NDF-Energy Intake 
System incorporated animal characteristics, diet, and feeding attributes so DMI of forage 
could be computed to predict maximum performance (Mertens, 1994 ). The validity of this 
system does not apply when intake is not limited by rurninal fill (Mertens, 1994). 
Complications associated with the NDF intake model included the need to verify that NDF 
represented the animal's fill factor and that ruminal fill was constant each day (Mertens, 
1987). The model also depended on the forage and energy needs of the animal (Mertens, 
1994; Jung and Allen, 1995). Mertens (1987) found that additional factors could be included 
in the NDF intake model to account for plant constituents such as lignin and structural 
carbohydrates, and digestion factors such as digestion kinetics and particle size to increase 
the accuracy of predicting intake. 
The growth of a plant cell begins with the development of the primary cell wall, 
which allows cell wall elongation (Jung, 1997), and consists of polysaccharides, proteins, and 
phenolic acids (Jung and Allen, 1995). The middle lamella, composed of pectic substances, 
is the material comprising the structure between plant cells. As the plant cell matures, a 
secondary wall forms, cellulose is deposited, and lignification begins in the middle lamella 
inward through the primary wall into the secondary wall (Jung, 1997). As legumes contain 
larger amounts of pectic substances than grasses, the concentration of NDF varies among 
forage species and at various stages of maturity. 
As grasses mature, secondary walls within the plant cells thicken, concentrations of 
cellulose increase (Jung and Allen, 1995; Jung, 1997), and the increase of lignin in the midrib 
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within the leaf blade increases fiber concentration (Buxton and Redfern, 1997). Since NDF 
is a measure of cellulose, hemicellulose, and lignin, this secondary wall growth corresponds 
to higher NDF concentrations in mature forages. During maturation, hemicellulose is 
converted to cellulose, which causes an increase in the concentration of cell walls and a 
decrease in the proportion of highly digestible cell solubles (Buxton and Casler, 1993). 
Digestibility of NDF is greater in grasses than legumes although legume herbages 
have lower concentrations of structural components (Allen, 2000). Legumes have lower 
concentrations of cell walls and less cell wall thickening at maturity than grass, but contain a 
greater proportion of lignin in the cell walls than grasses (Jung and Allen, 1995). The 
digestibility of NDF also differs throughout stages of maturity (Llams-Lamas and Combs, 
1990). Llamas-Lamas and Combs (1990) reported that the digestibility ofNDF and cellulose 
was higher for alfalfa in the early vegetative stage than in the late bud and full bloom stages. 
Less mature, early vegetative alfalfa was more fragile and contained less structural 
components which allowed ruminal microbes to puncture cells easier. Once mature, 
digestion of alfalfa did not differ between alfalfa in full or late bloom, demonstrating that 
using NDF to determine intake would not be applicable to predict intake from varying 
maturities of legumes. Increased NDF digestibility within legume or grass-family forages 
increased DMI (Oba and Allen, 1999), and therefore, NDF digestibility should be considered 
when predicting forage intake. 
Concentrations of NDF also vary in the components of plants, ranging from 25 to 
70% in leaves and 40 to 85% in stems the mid-flowering stage (Buxton et al., 1995). 
Llamas-Lamas and Combs (1990) reported that dairy cattle consumed NDF at 1.23, 1.17, and 
1.0% BW per day from alfalfa hay at early vegetative, late bud, and full bloom stages, while 
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Rayburn and Fox (1992) found Holstein cattle to consume 0.7 to 1.72% of BW as NDF per 
day. 
Although forage intake may not be consistently predicted using the concentration of 
NDF in the forage, fecal NDF concentrations may be less variable. Russell et al. (1999) 
found yearling heifers excreted 0.44% BW as NDF, which did not differ among species or 
maturity of forage. Conrad et al. (1964) found lactating dairy cattle to excrete 0.94% of BW 
as undigested organic matter. 
As stated previously, the NDF analysis procedure separates the slowly-digesting fiber 
and rapidly digested cell solubles (Mertens, I 987). The cell walls undergo digestion, 
although a portion of this fraction still remains undigested and is excreted in the feces (Ellis, 
1978; Moore et al. , 1991 ). When animals consume higher concentrations of indigestible feed 
fractions in the diet, accumulation of fill occurs in the rumen (Dado and Allen, I 995). 
Cellulose can be digested in the rumen, but the extent of digestion depends on its association 
with lignin (Moore and Hatfield, 1994), as lignin is undigestible in the rumen (Van Soest, 
1994). In stems, a maximum of two-thirds of the NDF and half of the structural 
polysaccharides can be indigestible in mature forage stems (Buxton and Casler, 1993). As 
lignin and the carbohydrates bound to it, the indigestible portion ofNDF, are consumed, they 
must be reduced in size to pass through the digestive tract. Therefore, the amount of 
indigestible NDF (iNDF) consumed is equivalent to the amount excreted. In a feeding trial 
using yearling beef cattle, as the concentration of iNDF in the ration increased, intake of 
iNDF increased until it reached a plateau of 13.2 g iNDF/kg BW·75, when the ration 
contained at least 12% iNDF (Lippke, 1986). Lippke (1986) also found the intake of iNDF 
for mature, lactating cows increased until a plateau of 20 g/kg BW0·75 was reached. This 
difference in intake between yearling cattle and lactating cows resulted from greater ruminal 
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capacity in mature animals. Digestible OM intake, expressed as g/kg BW·75, and the 
percentage of iNDF in the diet were positively related at concentrations to 10% iNDF in the 
diet and decreased linearly thereafter, suggesting that iNDF has a limiting effect on intake 
(Lippke, 1986). 
Dairy cows consumed 1.15% BW as NDF from alfalfa silages containing poorly and 
highly digestible fiber (Dado and Allen, 1996). There was a trend for cows to consume 
greater amounts of iNDF when fed diets containing low concentrations of digestible fiber. 
Cows consumed 0.62 and 0.58% BW of iNDF for the poorly and highly digestible fiber diets. 
Although excretion of NDF did not differ between poorly and highly digestible fiber diets, 
iNDF excreted as a percent of BW was greater for animals consuming poorly digestible fiber 
diets, as cows excreted 0.085 and 0.082% for the poorly and highly digestible fiber diets. 
30 
CHAPTER 3. EFFECT OF STOCKING RA TE AND CORN GLUTEN FEED 
SUPPLEMENTATION ON THE PERFORMANCE OF YOUNG BEEF COWS GRAZING 
WINTER STOCKPILED TALL FESCUE-RED CLOVER PASTURE 
A paper to be submitted to the Journal of Animal Science 
R. Driskill*, J. R. Russe11*2, D.R. Strohbehn*, D. G. Morrical*, S. K. Barnhartii, and J. D. 
Lawrencet 
*Department of Animal Science, ii Department of Agronomy, tDepartment of Economics 
Iowa State University, Ames 50011 
1 This project was funded, in part, by the Iowa Agric. and Home Econ. Exp. Sta., Ames, and 
a grant from the Leopold Center for Sustainable Agriculture, Iowa State Univ., Ames. 
2 Correspondence: 337 Kildee Hall (phone: 515-294-4631; fax: 515-294-3795; e-mail 
jrussell@iastate.edu) 
31 
Abstract 
A winter grazing experiment was conducted to evaluate the BW and body condition scores 
(BCS) of bred two-year old cows grazing stockpiled forage at two stocking rates and two 
levels of supplementation during winter. Two 12.2-ha blocks containing 'Fawn' endophyte-
free tall fescue and red clover were each divided into four pastures of 2.53 or 3.54 ha. Hay 
was harvested from the pastures in June and August of 2003 and 2004 and N was applied at 
44.8 kg N ha-1 at the initiation of stockpiling in August. On October 22, 2003, and October 
20, 2004, twenty-four two-year old Angus-Simmental and Angus cows were allotted by BW 
and BCS to strip-graze for 147 d at 1.19 or 0.84 cow ha-1 and eight similar cows were allotted 
to two dry lots and fed tall fescue-red clover hay. Com gluten feed was fed to maintain mean 
BCS of 5 (9-point scale) for cows in the high supplementation levels, or when weather 
prevented grazing in the low supplementation level. Mean concentrations of CP in yr 1 and 2 
and IVDMD in yr 2 were greater (P < 0.10) in hay than stockpiled forage over the season. 
At the end of grazing, cows fed hay in the dry lots had greater (P < 0.05) BCS in yr 1 and 
greater (P < 0.10) BW in yr 2 than grazing cows. Grazing cows in the high supplementation 
treatment had greater (P < 0.10) BW (yr 1) than cows grazing at the low supplementation 
level. Cows in the dry lot were fed 2565 and 2158 kg DM hay cow-1• Amounts of com 
gluten feed supplemented to cows in yr 1 and 2 were 46.3 and 60.8 kg cow-1 and did not 
differ between cows fed hay or grazing stockpiled forage in either year. Estimated 
production costs were greater for cows in the dry lots because of the amounts of hay fed. 
Key words: Beef cows, Stockpiled forage, Winter grazing, Com gluten feed 
Introduction 
Harvested feed costs represent approximately 60% of the total feed cost for a cow 
herd (Strohbehn, 2001 ). However, mature cows grazing stockpiled forage required less hay 
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to maintain optimal condition at calving than cows fed hay throughout the winter (Allen et 
al., 1992; Hitz and Russell , 1998, Janovick et al., 2004) and had reduced production costs 
(D'Souza et al., 1990; Adams et al., 1994; Schoonmaker et al., 2003). Heifers grazing 
stockpiled forage required minimal supplementation of corn gluten feed to meet target body 
weights compared to heifers maintained in dry lots that required 1925 kg hay and 107 kg 
corn gluten feed heifer-1 in winters with 30 and 65 cm snowfall (Clark, 2003). 
Compared to mid-gestation, nutritional requirements of NEm and protein increase in 
the last 90 d of gestation (NRC, 1996). Heifers and young cows have additional nutrient 
requirements for growth, and may loose body condition during first lactation (Freetly et al., 
2005; Patterson et al., 2003). 
Little research has been done with young cows in a system to minimize production 
costs. Therefore, it is hypothesized that young cows grazing stockpiled forage could 
maintain adequate BW and condition to ensure subsequent reproduction with minimal energy 
supplementation even in winters with greater snowfall than previously evaluated if provided 
adequate forage allowance. The objective of this study was to determine the effects of 
stocking rate and corn gluten feed supplementation on BW and BCS of bred, two-year old 
cows grazing stockpiled tall fescue-red clover pastures. 
Materials and Methods 
Treatment overview 
In a winter feeding trial, two forage systems (hay feeding or grazing stockpiled 
forage) were compared. Within the grazing treatments, there were two stocking rates and 
two levels of corn gluten feed supplementation. 
All protocols for animal use were reviewed and approved by the Institutional Animal 
Care and Use Committee at Iowa State University. 
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Pastures 
Two 12.2-ha pastures of 'Fawn' endophyte-free tall fescue (Festuca arundinacea L.) 
and red clover (Trifolium pratense L.) were established in 2000 at the Iowa State University 
Beef Nutrition Farm near Ames, IA. Pastures were frost-seeded with red clover in March of 
each year at a rate of 1.8 kg ha-1• Hay was harvested from the pastures on May 28 and 
August 8 of 2003 (yr 1) and on June 6 and August 7 of 2004 (yr 2), and stored as large round 
bales indoors. After hay was removed in August, N was applied at a rate of 44.8 kg ha-1 as 
urea to initiate stockpiling on August 15 and 19 in yr 1 and 2. Each pasture was divided into 
two 2.53 and 3.54-ha pastures for high and low stocking rates, respectively, that were further 
subdivided into 8 paddocks for strip-grazing. Grazing was initiated on October 22 and 20 in 
yr 1 and 2 and continued for 147 days to mid-March. 
The length of the grazing period of each paddock was calculated from the estimated 
forage available for grazing assuming 50 and 70% removal of the initial forage mass for the 
low and high stocking rates and forage DMI of 2.5% BW. Initial forage mass was 
determined by hand-clipping forage from two 0.25-m2 locations per paddock. Samples were 
composited by pasture, weighed, and dried at 65°C for 48 h to calculate forage DM mass. 
Cattle were allowed to graze a new paddock every 19 d in each year. Grazing of the last 
paddock was terminated at 14 d so cows could be relocated prior to calving. 
Cows 
Thirty-two Angus-Simmental cross (mean initial BW, 542 ± 49 kg; mean initial BCS, 
4.92 ± 0.44; mean initial age, 31±0.3 mo) and Angus (mean initial BW, 518 ± 43 kg; mean 
initial BCS, 5.0 ± 0.23; mean initial age, 29 ± 0.3 mo) in yr 1 and 2, respectively, spring-
calving cows in their second gestation were blocked by BW and BCS. Three cows were 
allotted to each of the eight pastures to graze at a low (0.84 cow ha-1) or high (1.19 cow ha-1) 
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stocking rate and four cows were allotted to each of two dry lots. Prior to allotment and at 
the conclusion of the experiment, cow BW were measured after cows were fed hay at ad 
libitum levels for 3 d in a dry lot to equalize rumen fill. During the experiment, cows were 
weighed every 14 d without a shrink, and visually scored for body condition on a 9-point 
scale (Neuman and Lusby, 1986) weekly by the same two experienced individuals. Cows 
were bred to begin calving on April 1. Calf birth weights and calving ease scores on a scale 
of 1-4 were recorded at calving. 
Feeds 
Tall fescue-red clover hay harvested from the pastures was fed as large round bales in 
hay feeders to cows in the two dry lots at an ad libitum level. Com gluten feed was fed to 
maintain a mean average BCS of 5 (high supplementation level) to cows in two pastures at 
each stocking rate or in the two dry lots. If the BCS of the cows in a pasture or dry lot was 
below its target BCS, cows were supplemented to meet their target BCS in 28 d as predicted 
by the Cornell Net Carbohydrate and Protein System 0/. 5.0, Cornell University, Ithaca, 
NY). Cows in the remaining pastures were fed com gluten feed to maintain a minimum 
average BCS of 4.33 but this did not occur in either year. However, all cows grazing and 
supplemented at the low and high level were fed com gluten feed when excessive snow 
prevented grazing. 
Water and a mineral and vitamin mix (15% Ca, 8% P, 14.5% NaCl, 1% Mg, 1% K, 
1100 ppm Cu, 1300 Mn, 28 ppm Se, 1700 ppm Zn, 884,000 IU kg-1 Vit. A, 221,000 IU kg-1, 
Vit. D3, and 442 IU kg-1 Vit. E; Kent Feeds, Inc., Muscatine, IA) were provided ad libitum to 
all cows. 
Forage sampling 
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Prior to grazing and a killing frost, pastures were sampled by hand-clipping to a 
height of 2.5 cm at 16 0.25-m2 locations per pasture. Samples were hand-sorted for botanical 
composition into grass, legume, broadleaf weed, and dead material, weighed, and dried to 
determine the proportions of DM. Forage samples from pastures were taken at the initiation 
of grazing and every 28 d thereafter by hand-clipping at two 0.25-m2 locations per paddock 
with samples composited within grazed or ungrazed paddocks in each pasture. Because of 
large amounts of snow cover in February of yr 1 and January of yr 2, forage samples were 
not taken during these months. One grazing exclosure, 0.5-m2, was placed in each paddock 
prior to grazing to determine weathering loss at the termination of grazing. At the 
termination of grazing, ungrazed pasture samples were hand-clipped from a 0.25-m2 area 
within each grazing exclosure. Each hay bale fed to cows in the dry lot was weighed and 
core-sampled to a depth of 73 cm monthly prior to feeding. 
Forage intake estimation 
In November and March of each year, forage DMI of two cows per pasture was 
determined from fecal output, estimated from the passage kinetics of Cr-mordanted fiber (2% 
chromium), and the IVDMD of forage selected by ruminally fistulated steers (Hermann et al. , 
2002). Cows were pulse-dosed with 30 g Cr-mordanted fiber and fecal samples were 
collected at 0, 19, 23, 27, 29, 43, 51, 67, 75, 91 , 99, and 115 h post-dosing. Fecal samples 
were dried at 65° C for 6 d and ground to pass through a 1-mm screen in a Thomas-Wiley 
Mill (A.H. Thomas Co., Philadelphia, PA). Chromium content of the feces was extracted by 
the procedure of Williams et al. ( 1962) using a phosphoric acid-manganese sulphate-
potassium bromate solution and quantified by atomic absorption spectrophotometry (Perkin 
Elmer, Norwalk, CT) with an air and acetylene flame. Fecal output was estimated from 
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passage kinetics of Cr-mordanted fiber using an age dependent two-compartment model 
(Pond et al, 1988) and nonlinear regression analysis (SAS Inst. Inc., Cary, NC). 
Simultaneous to determining fecal output, forage selected during grazing or hay 
consumption was collected by ruminal evacuation of one ruminally fistulated steer per 
pasture or dry lot that had been adapted to the treatments for a minimum of 5 d. On two 
consecutive days, rumen contents were removed by hand and with a vacuum, rumens were 
rinsed with water, and steers were allowed to graze or consume hay for 2 h. Following 
grazing, rumen masticate was removed from the rumen, sub-sampled, and frozen. Rumen 
contents were placed back into the respective steers. Rumen masticate samples were freeze-
dried (Virtis SupraChamber 24, Virtis Co., INC., Gardiner, New York), ground through a 1-
mm screen of a Thomas-Wiley mill, and analyzed for IVDMD (Marten and Barnes 1980) 
with a 48 h incubation in rumen fluid with the NC-64 buffer and a 24h incubation in HCl and 
pepsin. Forage composition values of rumen masticate samples were averaged across both 
days and analyzed as repeated measures. 
Selection indices were calculated as the ratio of the concentration of each chemical 
component in forage selected by fistulated steers to the concentration of each chemical 
component in available forage sampled from pastures hand-clipped simultaneously to rumen 
evacuations or hay core-sampled prior to feeding. Forage DMI of cows, not supplemented 
with com gluten feed, was estimated using the equation: 
Forage DMI, kg d-1 = fecal DM output, kg d-1 I (1 - IVDMD of the rumen masticate). 
Forage DMI of cows fed supplemental com gluten feed was estimated as: 
Forage DMI, kg d-1 = (fecal DM output, kg d-1 - ((1 - IVDMD of com gluten feed)*com 
gluten feed DM consumed, kg d-1) ) I (1 - IVDMD of rumen masticate). 
Chemical analyses 
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All forage samples were frozen until drying could be initiated. Forage samples were 
dried in a forced-air oven (Blue M Electric Co., Blue Island, IL) at 65°C for 48 h. Dried 
samples were ground to pass through a 1-mm screen in a Thomas Wiley Mill. Dried forage 
and freeze-dried rumen masticate samples were analyzed for IVDMD (Marten and Barnes 
1980) with a 48 h incubation in rumen fluid with NC-64 buffer and a 24 h incubation in HCl 
and pepsin. Crude protein was determined by Kjeldahl N (AOAC, 1990) multiplied by 6.25. 
Residue remaining after ADF analysis was removed from fiber bags, weighed, and analyzed 
for N content from the micro Kjeldahl procedure to determine ADIN (Goering and Van 
Soest, 1970). 
Economic Analysis 
An economic analysis was conducted on the data to estimate production costs 
associated with winter grazing. A partial budgeting model (Clark, 2003) was used to 
determine costs for cows grazing at different stocking rates and supplementation levels or 
wintered in a dry lot using the amounts of hay and com gluten feed fed in the project. Costs 
of pasture establishment (Barnhart et al., 2004), perimeter and cross fences (Mayer, 1999), 
and watering systems (Wells, 1995) were estimated. Allocation of annual rental and pasture 
establishment costs to grazing of stockpiled forages were based on the proportion of total 
annual forage production harvested as hay or stockpiled for winter grazing. The number of 
acres necessary for winter grazing per cow were calculated from initial forage mass and 
utilization rate. Prices were assumed to be $82.69 metric ton-1 for com gluten feed, $57.88 
metric ton-1 of hay, $148 ha-1 for annual pasture rent, $10 hr-1 labor charges, $0.20 hd-1 d- 1 
dry lot yardage, and $0.04 hd-l d-l for veterinary expenses. 
Statistical Analysis 
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In order to account for repeated measurements over time the Proc Mixed model of 
SAS (SAS Inst. Inc., Cary, NC) was used to analyze the data with pasture as the experimental 
unit. An AR(l) correlation structure within pastures was used to analyze forage data and the 
Kenward Rogers approximation was used to calculate degrees of freedom for each test. 
Forage mass was analyzed using linear and quadratic effects of day, and the day by grazing 
interaction and tested for stocking rate and supplementation level. Forage composition of 
hay and ungrazed stockpiled forage was analyzed using linear effects of month, forage, and 
the month by forage interaction. 
Components of rumen masticate samples and selection indices of steers were 
analyzed within season (November or March) for the treatment effects of forage system and 
stocking rate, supplementation level, and stocking rate by supplementation level interaction 
within stockpile grazing. Forage and total DMI of cows were analyzed for season, the 
treatment effects of forage system and stocking rate, supplementation level, and stocking rate 
by supplementation level interaction within stockpile grazing. Body weights and BCS of 
cows were analyzed by week and for the treatment effects of forage system and stocking rate, 
supplementation level, and stocking rate by supplementation level interaction within 
stockpile grazing. The total amounts of com gluten feed fed, calf birth weights, and calving 
ease scores were analyzed for the treatment effects of forage system and stocking rate, 
supplementation level, and stocking rate by supplementation level interaction within 
stockpile grazing. Data were analyzed between and within years. 
Results 
Weather 
Mean temperatures from October to March during the project were comparable in yr 
1 and 2 of this project, being an average of 1.7 and 0.9°C above the 30-yr average for the 
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location (Table 1, NOAA 2003; NOAA 2004; NOAA, 2005). Total snowfalls during the 
grazing season were 115 and 67 cm in yr 1and2, compared to the 30 year average of 92 cm. 
Year 1 had 28 more days with snow cover greater than 2.54 cm than yr 2. Heavy snowfall 
and cold temperatures in February of yr 1 and January of yr 2 prevented grazing for short 
time periods and required supplementation of com gluten feed beyond that needed to meet 
target BCS. 
Botanical composition 
There were no main effects or interactions of stocking rate and supplementation level 
on the botanical composition of the pastures in October of yr 1 or 2. Stockpiled pastures had 
a greater (P = 0.01) proportion of dead material in the total forage DM in yr 1 (17.1 %) than 
yr 2 (10.9%). The proportions of grass (P = 0.04) and legume (P = 0.03) in the live DM 
were 90.0 and 6.4% in yr 1and83.0 and 13.1% in yr 2. The proportions ofbroadleafweeds 
in the live DM averaged 3.8% for the two years and did not differ between years. Because of 
below average precipitation during the stockpiling period in yr 1, tall fescue may have had a 
decreased response to nitrogen fertilization (Gerrish et al. , 1994) and increased the proportion 
of dead material in yr 1 (Archer and Decker, 1977a; Gerrish et al. , 1994). With greater 
amounts of dead material in yr 1 than yr 2, a lower nutritional value of stockpiled forage 
would be expected in the stockpiled forage in yr l(Archer and Decker 1977a). 
Forage Mass 
There were no main effects or interactions of stocking rate and supplementation level 
on grazed or ungrazed forage mass and, therefore, forage masses of grazed and ungrazed 
forages were pooled between stocking rates and supplementation levels in yr 1 and 2. Forage 
disappeared at a faster rate (P <0.0001) in grazed paddocks (forage mass, kg ha-1 = 3601.3 -
35.30 day + 0.13 day2) than ungrazed paddocks (forage mass, kg ha-1 = 3601.3 - 21.22 day+ 
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0.13 day 2) in yr 1. In yr 2, forage also disappeared at a faster rate (P = 0.0002) in grazed 
paddocks (forage mass, kg ha- 1 = 3807.6 - 49.70 day) than ungrazed paddocks (forage mass, 
kg ha-1 = 3807.6 - 34.24 day), however the quadratic coefficient was no significant. Forage 
masses in the present experiment were an average of 579 kg ha-1 greater than forage masses 
from a previous experiment conducted at the same site (Clark, 2003). This difference may 
have been caused by the timing ofN fertilization, as Clark (2003) delayed N application one 
month after the initiation of stockpiling possibly limiting forage production (Gerrish et al., 
1994). Since the tall fescue-red clover sward in the present experiment had been established 
longer and undergone more grazing and defoliation, a denser tall fescue structure could 
increase forage mass (Matches, 1979). 
Forage allowance, expressed as kg forage 100 kg cow BW-1, was calculated from 
ungrazed stockpiled forage mass at high and low stocking rates in yr 1 and 2. As designed, 
forage allowance was greater (P = 0.001) for cows grazing at the low stocking rate (forage 
allowance, kg 100 kg Bw-1 d- 1 = 4.63 - 0.012 day) than the high stocking rate (forage 
allowance, kg 100 kg Bw-1 d-1 = 3.32 - 0.012 day) in yr 1. Similarly, in yr 2, forage 
allowance was greater (P < 0.001) for cows grazing at the low stocking rate (forage 
allowance, kg forage 100 kg Bw-1 d- 1 = 5.68 - 0.010 day) than the high stocking rate (forage 
allowance, kg forage 100 kg Bw-1 d-1 = 3.91 - 0.010 day). Greater forage masses and lighter 
cow BW in yr 2 than yr 1 resulted in greater (P = 0.002) forage allowance in yr 2 than yr 1. 
Forage allowances were 5.67 at the initiation of grazing at the low stocking rate in yr 2 and 
2.06 kg 100 kg Bw-1 at the end of grazing at the high stocking rate in yr 1. These allowances 
my have limited cow performance as forage allowances less than 5 kg 100 kg Bw-1 (NRC, 
1996) and 10 kg 100 kg Bw-1 (Marsh, 1979) may limit daily intake and have decreased daily 
gains in growing animals. 
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Forage utilization percentages, based on forage masses at the initiation and the 
conclusion of grazing, did not differ between stocking rates or supplementation levels in 
either year, and did not differ between years. Although stocking rates were designed to 
remove 50 and 70% of the forage dry matter at low and high stocking rates, actual forage 
utilization percentages for the low and high stocking rates were 63.2 ± 6.1 and 71.3 ± 7.9% 
in yr 1, and 62.1 ± 18.0 and 76.4 ± 3.5% in yr 2. In estimating the number of grazing days 
per paddock, it was assumed cows would consume 2.5% of BW in forage per day, however, 
forage intake measured in grazing cows in November and March of both years was 2.68% of 
BW, which may have caused greater forage utilization rates than designed. Furthermore, 
because of above average snowfall in yr 1, greater forage disappearance from excessive 
lodging of tall fescue (Singer et al. , 2003) and weathering losses of 28 (yr 1) and 11 % (yr 2) 
in ungrazed forage may also have increased forage utilization. 
Composition of Available and Selected Forages 
Mean concentrations of CP in hay over the winter feeding season were greater (P < 
0.0001) than ungrazed stockpiled forage in yr 1 (Table 2). However, mean IVDMD 
concentrations of hay and stockpiled forage did not differ (P = 0.71) in yr 1. In yr 2, CP 
concentrations in hay were greater (P = 0.006) than stockpiled forage in November through 
March, but the mean concentrations of IVDMD were greater (P = 0.01) in stockpiled forage 
than hay from October to December. Concentrations of CP and IVDMD decreased at faster 
rates in stockpiled forage than hay in yr 2 (forage x month, P < 0.01). Mean concentrations 
of ADIN did not differ between forages in yr 1, but were greater (P = 0.05) in stockpiled 
forage than hay in yr 2. When years were combined, concentrations of CP in hay were 
greater (P < 0.0001) than stockpiled forage, and concentrations oflVDMD were greater (P = 
0.02) for stockpiled forage than hay. 
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Steers consuming hay in dry lots selected forage with greater concentrations of CP (P 
0.04) and IVDMD (P = 0.09), and lower concentrations of ADIN (P < 0.0001) in 
November of yr 1 than steers grazing stockpiled forage (Table 3). llowever, in March 
steers grazing stockpiled forage selected forage with greater (P = 0.02) concentrations of 
IVDMD than steers fed hay. In yr 2, steers grazing stockpiled forage selected forage with 
greater (P = 0.01) concentrations of IVDMD in November and greater (P = 0.10) 
concentrations of CP in March than steers fed hay. 
Differences in the composition of forage selected by grazing and hay-fed steers 
resulted from increased selectivity by grazing steers. Selectivity indices for steers grazing 
stockpiled forage were greater (P < 0.04) for CP and IVDMD in November and March of 
both years than steers consuming hay (Table 4). The selectivity indices for CP in forage 
selected by steers grazing stockpiled forage were 38 and 15% greater (P < 0.06) than steers 
consuming hay in March of yr 1 and 2. Similarly, the selectivity indices for IVDMD in 
forage selected by steers grazing stockpiled forage were 36 and 14% greater (P < 0.02) than 
steers fed hay in March of yr 1 and 2, respectively. 
Although grazing steers consumed forage with greater (P < 0.01) concentrations of 
ADIN than steers in dry lots, smaller (P < 0.01) selectivity indices for grazing steers than 
steers consuming hay indicated that steers grazing stockpiled forage were more selective 
against ADIN than steers fed hay. 
In March of yr 1, steers grazing stockpiled forage at the low stocking rate selected 
forage with greater (P < 0.08) concentrations of CP than steers grazing at the high stocking 
rate (see appendix). This increased CP concentration resulted from the greater (P = 0.08) 
selectivity index at the low stocking rate (1.22) than the high stocking rate (1.09). 
Supplementation at the high level did not affect the concentration of CP consumed by steers 
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grazing stockpiled forage in March of yr 1, however, steers grazing at the low stocking rate 
and supplemented at the low level consumed forage with greater concentrations of CP than 
steers grazing at the high stocking rate and supplemented at the low supplementation level 
(stocking rate x supplementation level, P = 0.09). In November of yr 1, steers grazing at the 
low stocking rate consumed forage with lower (P = 0.009) concentrations of ADIN than 
steers grazing at the high stocking rate. In yr 2, there were no effects of stocking rate, 
supplementation level, or stocking rate by supplementation level interactions in selection 
indices or in the composition of forage selected by steers grazing stockpiled forage. 
Dry Matter Intake 
Because forage DMI of cows grazmg stockpiled forage did not differ between 
stocking rates or supplementation levels in yr 1 or 2, forage DMI of grazing cows were 
pooled across stocking rate and supplementation level within years (Table 5). Although 
cows grazing stockpiled forage had greater forage DMI in March than cows consuming hay 
in the dry lot, cows in the dry lot had greater forage DMI in November than cows grazing 
stockpiled forage (forage system x season, P < 0.0001) in yr 1. There were no differences in 
forage DMI between forage systems or season in yr 2. Within stockpiled grazing treatments, 
forage DMI were greater (P < 0.03) in March than November in yr 1. There was no 
difference in forage intakes within stockpile grazing in yr 2. 
During March of yr 1, cows grazing stockpiled forage at the low stocking rate and 
supplemented at the high level consumed an average of 2.99 kg com gluten feed DM d-1 
while intake was determined. At this time, no supplementation was fed to cows in the dry lot 
or grazing and supplemented at the low level. In March of yr 2, cows consumed an average 
of 2.69, 3.29, and 1.40 kg com gluten feed d-1 in the high stocking rate with high 
supplementation, low stocking rate with high supplementation, and dry lot treatments, 
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respectively, and no com gluten feed was fed cows grazing and supplemented at the low 
level. Cows in the dry lot had greater total DMI in November than cows grazing stockpiled 
forage, however, cows grazing stockpiled forage had greater total DMI in March than cows 
consuming hay in the dry lot (forage system x season, P < 0.0001) in yr 1. There were no 
differences in total DMI between forage systems or season in yr 2. There were no 
differences in total DMI within stockpiled grazing in yr 1, however, in yr 2, cows grazing at 
the high supplementation level had greater (P = 0.04) total DMI than cows grazing at the low 
supplementation level. There was no effect of supplementation on total DMI of cows 
grazing stockpiled forage in November, but cows supplemented at the high level had greater 
total DMI than cows supplemented at the low level in March (supplementation level x 
season, P = 0.08) in yr 2. These greater total DMI of cows grazing and supplemented at the 
high level are because of supplemental com gluten feed fed in March. 
Cow BW and Body Condition 
One cow grazing stockpiled forage aborted in each year, so the BW and BCS for 
those two cows was removed from the data set. In yr 1, there were no differences in BCS 
between stocking rates within weeks for cows grazing stockpiled forage and, therefore, data 
of grazing treatments were pooled by supplementation level (Fig. 1 ). Cows fed hay in dry 
lots had greater (P < 0.10) BCS than cows grazing stockpiled forage from wk 14 through the 
conclusion of the trial. This difference in BCS occurred even though hay was limit-fed to 
cows in dry lots for the last five weeks of the feeding period by leaving the hay feeder empty 
one day before feeding the next bale. Grazing cows at the high supplementation level had 
greater (P = 0.08) BCS at wk 4 than cows grazing at the low supplementation level. 
In yr 2, cows in dry lots had greater (P < 0.08) BCS at wk 2 than cows grazing 
stockpiled forage (Fig. 2). Body condition scores of cows grazing stockpiled forage at the 
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high supplementation level were greater at wk 14 (P = 0.08), 16 (P = 0.04), and 18 (P = 0.05) 
than cows maintained at the low supplementation level. At the conclusion of the trial, 
supplementation level did not affect BCS of cows grazing at the low stocking rate, but 
supplementing corn gluten feed at the high level to cows grazing at the high stocking rate 
improved BCS (stocking rate x supplementation level, P = 0.07). 
There was no difference in the BW of cows in the dry lot or cows grazing stockpiled 
forage in yr 1. Body weights were greater for cows grazing at the low stocking rate in wk 8 
(P = 0.04), 16 (P = 0.04), and 18 (P = 0.04) than cows grazing at the high stocking rate (Fig. 
3). Greater forage allowance for cows grazing at the low stocking rate than the high stocking 
rate in yr 1 likely contributed to the greater BW gains of cows in the low stocking rate. Cows 
fed corn gluten feed at the high supplementation level had greater BW in wk 8 (P = 0.07), 18 
(P = 0.02), 20 (P = 0.08), and at the conclusion of grazing (P = 0.04) than cows fed at the 
low supplementation level. There were no significant stocking rate x supplementation level 
interactions in BW for cows grazing stockpiled forage in yr 1 or 2. In yr 2, there were no 
effects of stocking rate or supplementation on BW of cows grazing stockpiled forage, 
therefore, mean BW of cows grazing stockpiled forage were pooled (Fig. 4). There were no 
differences in BW between cows in the two forage systems until the conclusion of the trial 
when cows in dry lots were heavier (P = 0.06) than cows grazing stockpiled forage. 
Birth weights of calves did not differ between cows in the two forage systems or 
between stocking rate or supplementation level for cows grazing stockpiled forage in yr 1 or 
2. Calving ease scores for all births were 1 on a 4-point scale. Across years, calf birth 
weights were greater (P = 0.06) in yr 1 (mean, 44.5 kg) than yr 2 (mean, 37.7 kg). Cows 
grazing at the high stocking rate high supplementation level and cows grazing at the low 
stocking rate low supplementation level had calves with lower birth weights than cows 
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grazing at the high stocking rate low supplementation level and low stocking rate high 
supplementation level (stocking rate x supplementation level P = 0.10). Grazing cows 
supplemented at the high level had calves with lower birth weights than cows supplemented 
at the low level in yr 1, however in yr 2 calf birth weights were greater for cows 
supplemented at the high than low level (year x supplementation level, P = 0.08). 
Supplemental Feeds 
Cows in the dry lots were fed 2564.5 and 2157.6 kg hay DM cow-1 through winter 
feeding in yr 1 and 2. All cows grazing stockpiled forage received com gluten feed 
supplementation for a minimum of 6 and 11 d in yr 1 and 2 when snow cover prevented 
grazing. Although there was greater snowfall in yr 1, excessive snow cover and cold 
temperatures persisted longer in yr 2 requiring a longer period of supplementation. When 
weather prevented grazing, all cows grazing stockpiled forage received a minimum 0.9 kg 
com gluten feed cow-1 d-1 in wk 14 and 15 in yr 1 and wk 12 and 13 in yr 2. In yr 1, the 
mean amount of com gluten feed fed was 46.3 ± 70.3 kg cow-1 and did not differ between 
forage system or between stocking rate within stockpile grazing. Within stockpiled grazing, 
there was a trend (P = 0.14) to feed greater amounts of com gluten feed to cows at the high 
(106.1 ± 82.3 kg cow-1) than low (8.2 ± 2.4 kg cow-1) supplementation level. In yr 2, greater 
(P = 0.07) amounts of com gluten feed was fed to cows gazing stockpiled forage at the high 
(112.6 ± 58.5 kg cow-1) supplementation level than low (9.1 ± 0 kg cow-1) level, while cows 
in the dry lot received 60.7 ± 65.3 kg com gluten feed cow-1• The lack of greater differences 
in the amounts of com gluten feed fed to cows between treatments was likely caused by the 
large variation of com gluten feed fed within treatments. This large variation is likely 
because one cow in a pasture stocked at the low stocking rate and high supplementation level 
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refused com gluten feed supplementation in yr 2, resulting in over supplementation of the 
remaining cows in that pasture. 
Winter Production Costs 
Using the partial budgeting model of Clark (2003 ), winter production costs for winter 
feeding were estimated (Table 6). Cows fed hay in dry lots had higher estimated costs of 
production in both yr 1 and 2 ($1.66 and $1.61 cow-1 d-1, respectively) than cows grazing 
stockpiled forage. Estimated production costs of grazing cows were $1.13, $1.08, $1.47, and 
$1.41 cow-1 d- 1 in yr 1 and $1.04, $1.00, $1.36, and $1.29 cow-1 d-1 in yr 2 for cows grazing at 
the high stocking rate with high supplementation, high stocking rate with low 
supplementation, low stocking rate with high supplementation, and low stocking rate with 
low supplementation. Lower production costs for cows grazing at the high stocking rate than 
the low stocking rate are likely caused by lower land costs per cow. Because the partial 
budgeting model was designed to adjust the number of acres required for winter grazing 
based on available forage, greater BW of cows and lower forage production in yr 1 than yr 2 
likely caused greater production costs in yr 1 because more acres were required for winter 
grazing. A sensitivity analysis showed that the cost of maintaining cows in a dry lot was 
more sensitive to a 20% increase or decrease in hay price than a 20% increase or decrease in 
pasture rental for grazing cows. 
Discussion 
Throughout the Midwest, hay is often fed during winter months when pastures are 
dormant. Production and harvest costs associated with feeding hay can cost between $55 
(Brees, 2003) and $77 metric ton-1 (Duffy and Smith, 2005). The harvested forages fed to 
beef cows represent 33% of the total feed cost per cow (Strohbehn, 2001). Implementation 
of forage systems in which cattle continue to graze throughout the winter have reduced 
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production costs in beef cow herds and maintained acceptable BCS for subsequent 
reproduction (D'Souza et al., 1990; Hitz and Russell, 1998; Janovick et al., 2004). 
In previous experiments, winter grazing of stockpiled forage reduced the amount of 
stored feeds required to maintain cows. Heifers consumed 13.6 kg DM hay heifer-1 d- 1 and 
0.8 kg DM com gluten feed heifer-I d-1 in dry lots while heifers grazing stockpiled forage 
were supplemented 0.1 kg com gluten feed heifer-1 d-1 (Clark, 2003). By grazing stockpiled 
forage, cows were fed 14.4 kg DM less supplement cow- 1 d-1 than was fed to cows 
consuming hay ad libitum (Schoonmaker et al., 2003). Spring-calving cows grazing 
stockpiled forages were fed 64% (Hitz and Russell, 1998) and 74% (Janovick et al., 2004) 
less hay to maintain optimal condition for subsequent reproduction during winter grazing 
than cows fed hay in a dry lot. Similarly, in the present experiment, no hay was fed to cows 
grazing stockpiled forage compared to an average 16.1 kg DM hay fed cow-1 d-1 to cows in 
dry lots. 
Reducing the amount of stored feeds fed by allowing cattle to graze stockpiled forage 
has reduced feed costs (D'Souza et al., 1990; Adams et al., 1994; Schoonmaker et al, 2003). 
Estimated daily production costs for heifers grazing stockpiled forage at stocking rates of 
1.17 and 0.84 heifer ha-1 were $0.64 and $0.87 heife{1 d- 1, while production costs for heifers 
managed in dry lots were $1.17 heife{1 d- 1 (Clark, 2003). In the present experiment, 
estimated winter production costs of cows were also decreased 12 and 34% by grazing 
stockpiled forage at low (0.84 cow ha-1) and high stocking rates (1.19 cow ha-1) respectively, 
compared to cows maintained in dry lots. Production costs for cows in this experiment were 
greater than heifers in previous experiments (Clark, 2003) because of a higher price of com 
gluten feed, greater forage intakes of older cows, and greater amounts of com gluten feed fed 
during winter grazing. 
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Cows maintained in dry lots had greater BCS (yr 1) and BW (yr 2) at the conclusion 
of the winter feeding period than cows grazing stockpiled forage. Cows grazing stockpiled 
forage and supplemented with com gluten feed at the low level maintained BCS above the 
minimum of 4.33 although receiving minimal supplementation only when weather prevented 
grazing. When cow BCS were analyzed across years, cows grazing stockpiled forage had 
lower BCS than cows in dry lots in wk 16 and continued through the conclusion of the trial. 
At this time, cow nutrient requirements would increase in late gestation, mass and allowance 
of stockpiled forage were near nadir for the trial, and concentrations of CP and IVDMD in 
stockpiled forage were lower than hay. Cows grazing stockpiled forage were able to select 
diets that did not differ or had greater concentrations of CP or IVDMD from cows in dry lots 
in March of each year, however, greater energy is required for grazing animals (Blaxter, 
1962; Allden, 1969) which may have contributed to lower BW and BCS of grazing cows. 
With the greatest amounts of snowfall and snow cover occurring during wks 15 to 19 
(February, yr 1) and wks 11 to 15 (January, yr 2), snow cover may have limited forage 
availability and increased energy expenditure by grazing through snow. Limited forage 
availability has increased grazing time (Young and Corbett, 1972) while snow has altered 
accessibility of forage for cattle and influenced cattle to more heavily graze forage with a 
greater biomass in periods of snow cover rather than searching for other available forage 
(Willms and Rode, 1998). Because of the greater nutrient requirements and decline in forage 
composition and availability in the last trimester of gestation for spring calving cows grazing 
stockpiled forage, the need for greater supplementation could be expected at this time. 
Because some cows did not respond to com gluten feed supplementation and continued to 
lose condition, it may have been beneficial to have removed these animals and supplemented 
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them individually. In doing so, supplementation could have been reduced or terminated for 
cows grazing stockpiled forage that met or exceeded the target BCS. 
Greater BW (yr 2) and BCS (yr 1) for cows fed hay in dry lots than cows grazing 
stockpiled forage were likely due to greater concentrations of CP and IVDMD of the hay 
than stockpiled forage. In contrast to these results, cows grazing stockpiled forage have had 
greater BW gains than cows maintained in a dry lot (Hitz and Russell, 1998) and grazing 
heifers had higher average daily gains (Clark, 2003) than heifers fed hay ad libitum. These 
greater weight gains in animals grazing stockpiled forage were attributed to selection of 
forage with greater concentrations of IVOMD (Hitz and Russell, 1998) and greater IVDMD 
and CP (Clark, 2003) compared to forage selected by cows consuming hay in a dry lot. 
Stockpiled forage had lower concentrations of CP and IVDMD in the current 
experiment compared to a similar experiment conducted on the same pastures with heifers 
(Clark, 2003) and previous work done with N-fertilized tall fescue-red clover (Hersom, 
1999). Pastures in the current experiment contained fewer legumes and more grass, which 
could explain lower concentrations of CP and IVDMD (Taylor and Queensberry, 1996). 
Also, 44.8 kg N ha-1 was applied at the initiation of stockpiling, whereas Clark (2003) 
delayed N application of 50.4 kg N ha-1 until one month after hay was harvested the first 
week of Aug. Increasing rates of N application has increased CP concentrations of tall 
fescue (Archer and Decker, 1977b; Collins and Balasko, 1981; Gerrish et al., 1994). By 
delaying N fertilization, the length of the growing season and forage DM accumulation may 
be reduced (Gerrish et al., 1994), possibly producing forage with greater concentrations of 
CP and lower concentrations of ADF and NDF. As heifers have greater nutrient 
requirements than mature cows, higher quality forage could be beneficial for heifers grazing 
stockpiled tall fescue-red clover, and, therefore the delay in N fertilization by Clark (2003) 
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may have been beneficial. However, for mature beef cows grazing stockpiled forage, greater 
forage yields would increase the forage allowance and carrying capacity without adversely 
affecting those cows' nutritional requirements. Therefore, N application in early August 
following hay harvest would be of greater benefit. 
The objective of this study was to determine the effects of stocking rate and com 
gluten feed supplementation on BW and BCS of bred, two-year old cows grazing stockpiled 
tall fescue-red clover pastures. Cows fed hay in dry lots had less loss of condition scores and 
greater BW gains than cows grazing stockpiled forage because forage available to cows in 
the dry lots was of greater nutritive value in both years. Although cows grazing stockpiled 
tall fescue-red clover had lower BW and BCS than cows maintained in dry lots, BCS were at 
or exceeded target BCS at the conclusion of the trial with lower amounts of harvested feeds 
fed. As a result of requiring less harvested feeds, winter production costs were lower for 
grazing cows than cows maintained in dry lots. Decreasing the stocking rate increased the 
amount of forage available per cow per day to ensure adequate forage availability per cow, 
while supplementing cows to maintain moderate body condition scores improved cow body 
weights and condition compared to cows fed minimal supplementation. In a year with above 
average snowfall and days with constant snow cover greater than 2.54 cm, young cows were 
able to graze stockpiled tall fescue-red clover. Although snowfall challenged grazing in both 
years, cows were able to maintain or exceed target BCS, with less supplementation of stored 
feeds and, therefore, had lower estimated production costs than cows maintained in dry lots. 
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Table 1. Average temperature, precipitation, snowfall, and days with snow cover ~ 2.54 cm 
during winter grazing trial in yr 1 and 2 (NOAA, 2003; 2004; 2005). 
Average Precipitation, cm Days snow 
temperature, °C Snowfall, cm cover over 
2.54 cm 
Year 1 Year2 Year 1 Year2 Year 1 Year2 Year 1 Year2 
October 11.6 12.4 2.4 4.6 0 0 0 0 
November 3.3 5.4 11.0 7.7 0 0 0 0 
December -3.9 -2.2 2.7 1.2 29.2 2.5 21 1 
January -6.4 -7.6 1.8 1.3 20.6 39.4 13 27 
February -3.2 0.0 3.6 4.7 35.6 11.9 25 5 
March 3.6 3.0 8.9 3.5 30.2 12.7 3 1 
Table 2. Predicted values (SE) of forage composition for ungrazed stockpiled tall fescue-red clover foragea (n=8) and hay (n=2) 
fed to cows in dr lots. 
Month Significance 
October November December January February March Forage Month (M) FxM (F) 
Year 1 
CP, %DM 
Stockpile 10.0 (0.26) 10.0 (0.26) 9.2 (0.26) 8.9 (0.26) - 10.0 (0.26) 
<0.0001 0.16 0.49 Hay 12.1 (0.45) 12.3 (0.45) 12.2 (0.45) 11.8 (0.45) 11.8 (0.45) 12.0 (0.45) 
IVDMD, 
%DM 
Stockpile 55.0 (0.74) 53.8 (0.65) 52.5 (0.62) 51.4 (0.65) - 47.7 (1.02) 0.71 <0.0001 0.15 
Hay 56.2 (1.11) 55.6 (0.86) 55.0 (0.69) 54.4 (0.69) 53.8 (0.86) 53.2 (1.11) 
ADIN, 
%N 
Stockpile 9.0 (0.55) 9.6 (0.49) 10.2 (0.45) 10.8 (0.45) - 12.6 (0.63) 
Hay 6.7 (0.95) 6.1 (0.75) 5.5 (0.62) 4.9 (0.62) 4.4 (0.75) 3.8 (0.95) 0.39 0.95 0.0007 
Year2 
CP,%DM 
Stockpile 10.8 (0.25) 9.3 (0.25) 8.7 (0.25) - 8.9 (0.25) 9.8 (0.25) 0.0005 Hay 10.5 (0.39) 10.2 (0.39) 10.2 (0.39) 10.7 (0.39) 10.2 (0.39) 10.2 (0.39) 0.006 0.01 
IVDMD, 
%DM 
Stockpile 59.0 (0.92) 57.2 (0.79) 55.4 (0.70) - 51.7 (0.72) 48.1 (0.97) 0.005 Hay 54.4 (1.73) 54.3 (1.40) 54.2 (1.14) 54.1 (1.14) 54.0 (1.36) 53.8 (1.73) 0.01 0.002 
ADIN, 
%N 
Stockpile 6.2 (0.29) 6.8 (0.38) 7.7 (0.24) - 8.6 (0.27) 9.9 (0.36) 0.003 0.0003 Hay 6.9 (0.49) 6.8 (0.26) 6.8 (0.31) 6.7 (0.31) 6.6 (0.38) 6.6 (0.49) 0.05 
a Means of samples collected for pastures stocked at two rates and two supplementation levels 
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Table 3. Mean composition (SE) of forage selected by steers grazing stockpiled tall fescue-
red clover (n=8) or consuming hay (n=2) in dry lots. 
November 
CP, %DM 
IVDMD,%DM 
ADIN, %N 
March 
CP, %DM 
IVDMD,%DM 
ADIN, %N 
November 
CP,%DM 
IVDMD,%DM 
ADIN, %N 
March 
CP,%DM 
IVDMD, %DM 
ADIN, %N 
Forage species 
Hay Grazing 
Year 1 
11.9 (0.51) 10.6 (0.25) 
65.3 (1.35) 62.6 (0.68) 
4.8 (0.59) 8.7 (0.29) 
9.8 (0.48) 9.5 (0.24) 
54.2 (0.97) 57.0 (0.49) 
5.0 (0.79) 10.6 (0.39) 
Year2 
10.7 (0.41) 10.8 (0.20) 
52.4 (1.66) 57.8 (0.83) 
7.4 (0.59) 6.5 (0.30) 
8.1 (0.34) 8.7 (0.17) 
52.4 (1.53) 53.6 (0.77) 
6.9 (1.56) 8.6 (0.28) 
Significance 
0.04 
0.09 
<0.0001 
0.65 
0.02 
<0.001 
0.86 
0.01 
0.17 
0.10 
0.49 
0.01 
Table 4. Selection indicesa (SE) of steers grazing stockpiled tall fescue-red clover (n=8) or 
hay (n=2) and rumen masticate samples in November and March. 
Forage system 
Hay Grazing Significance 
Year 1 
November 
CP 0.99 (0.10) 
IVDMD 1.11 (0.06) 
ADIN 0.99 (0.07) 
March 
CP 0.84 (0.06) 
IVDMD I.OJ (0.05) 
ADIN 1.41 (0.12) 
1.29 (0.05) 
1.27 (0.03) 
0.83 (0.04) 
1.16 (0.03) 
1.37 (0.02) 
0.80 (0.06) 
Year2 
0.01 
0.02 
0.07 
0.002 
<0.0001 
0.0002 
November 
March 
CP 
IVDMD 
ADIN 
1.04 (0.07) 
0.97 (0.04) 
1.10 (0.07) 
1.22 (0.03) 
1.07 (0.02) 
0.76 (0.03) 
0.03 
0.04 
0.0004 
CP 0.85 (0.04) 0.98 (0.02) 0.004 
IVDMD 0.99 (0.04) 1.13 (0.02) 0.002 
ADIN 1.18 (0.06) 0.80 (0.03) <0.0001 
a Ratio of concentration in selected forage to concentration in available forage. 
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Table 5. Forage intake as% BW and total intake as% BW (SE) of cows grazing stockpiled 
tall fescue-red clover (n=8) and cows consuming hay (n=2) in dry lots in November and 
March. 
Forage Significance 
Hay Grazmg Forage (F) Season (S) FxS 
Forage DMI, % BW 
Year 1 
November 4.76 (0.48) 2.56 (0.43) 0.44 <0.0001 <0.0001 March 2.11 (0.48) 2.84 (0.43) 
Year2 
November 3.05 (0.32) 2.83 (0.16) 0.66 0.11 0.80 March 2.55 (0.32) 2.47 (0.16) 
Total DMI, % BW 
Year 1 
November 4.76 (1.03) 2.56 (0.38) 0.44 0.0008 <0.0001 March 2.11 (0.95) 2.95 (0.60) 
Year2 
November 3.05 (0.39) 2.83 (0.19) 0.73 0.55 0.80 March 2.78 (0.39) 2.72 (0.19) 
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Table 6. Estimated winter production costs($ cow-1 d-1) for cows grazing stockpiled tall 
fescue-red clover or fed hay in dry lots supplemented with com gluten feed. 
Stocking rate and supplementation level Dry lot 
Higha Low 
High Low High Low 
Year 1 
Dry lot yardage 0.00 0.00 0.00 0.00 0.20 
Pasture rent 0.38 0.38 0.53 0.53 0.00 
Pasture maintenance 0.53 0.53 0.71 0.71 0.00 
Medication costs 0.04 0.04 0.04 0.04 0.04 
Cow management 0.13 0.13 0.13 0.13 0.25 
Com gluten feed 0.05 0.01 0.06 0.01 0.01 
Hay 0.00 0.00 0.00 0.00 1.16 
Total 1.13 1.09 1.47 1.42 1.66 
20% increase/decrease 
+/- 0.08 +/- 0.08 +/- 0.11 +/- 0.11 0.00 pasture rent 
20% increase/decrease 0.00 0.00 0.00 0.00 +/- 0.23 hay price 
Year2 
Dry lot yardage 0.00 0.00 0.00 0.00 0.20 
Pasture rent 0.34 0.34 0.47 0.47 0.00 
Pasture maintenance 0.48 0.48 0.64 0.64 0.00 
Medication costs 0.04 0.04 0.04 0.04 0.04 
Cow management 0.13 0.13 0.13 0.13 0.25 
Com gluten feed 0.05 0.01 0.08 0.01 0.04 
Hay 0.00 0.00 0.00 0.00 1.08 
Total 1.04 1.00 1.36 1.29 1.61 
20% increase/decrease 
+/- 0.07 +/- 0.07 +/- 0.10 +/- 0.10 0.00 pasture rent 
20% increase/decrease 0.00 0.00 0.00 0.00 +/- 0.22 hay price 
a High stocking rate, 1.19 cow ha-1 , low stocking rate, 0.84 cow ha-1 
b Cows supplementd at the high and low levels were fed com gluten feed to maintain body 
condition score of 5.0 and 4.33, respectively. 
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Figure 1. Body condition score and SEM (n=lO) of cows grazing winter stockpiled tall fescue-red clover or consuming hay in dry 
lots in yr 1. Treatment effects: a = difference in dry lot and grazing; and c = difference in supplementation level; P < 0.10. 
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Figure 2. Body condition score and SEM (n=lO) of cows grazing winter stockpiled tall fescue-red clover or consuming hay in dry 
lots in yr 2. Treatment effects: a = difference in dry lot and grazing; c = difference in supplementation level; d = stocking rate x 
supplementation level; P < 0.10. 
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Figure 3. Body weight and SEM (n= 10) of cows grazing winter stockpiled tall fescue-red clover or consuming hay in dry lots in 
yr 1. Treatment effects: b = difference in stocking rate; c =difference in supplementation level; P < 0.10. 
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Figure 4. Body weight and SEM (n=l 0) of cows grazing winter stockpiled tall fescue-red clover or consuming hay in dry lots in 
yr 2. Treatment effects: a = difference in dry lot and grazing; P < 0.10. 
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CHAPTER 4. GENERAL CONCLUSION 
The objective of this study was to determine the effects of stocking rate and corn 
gluten feed supplementation on BW and BCS of bred, two-year old cows grazing stockpiled 
tall fescue-red clover pastures. Cows fed hay in dry lots had less loss of condition scores and 
greater BW gains than cows grazing stockpiled forage because forage available to cows in 
the dry lots was of greater nutritive value in both years. Although cows grazing stockpiled 
tall fescue-red clover had lower BW and BCS than cows maintained in dry lots, BCS were at 
or exceeded target BCS at the conclusion of the trial with lower amounts of harvested feeds 
fed. As a result of requiring less harvested feeds, winter production costs were lower for 
grazing cows than cows maintained in dry lots. Decreasing the stocking rate increased the 
amount of forage available per cow per day to ensure adequate forage availability per cow, 
while supplementing cows to maintain moderate body condition scores improved cow body 
weights and condition compared to cows fed minimal supplementation. 
Winter weather conditions can be of concern in winter grazing. However, young 
cows strip-grazing stockpiled tall fescue-red clover in this study demonstrated an ability to 
graze in a winter with above average snow fall and during periods with continuous snow 
cover. Throughout the winter when inclement weather prevented grazing, minimal amounts 
of supplementation were fed for one to two weeks as a risk management tool. 
As feed costs are the greatest expense for beef cow operations, reducing these feed 
costs will increase producers' profitability. From the results of this and previous trials, winter 
stockpile grazing is a viable option to reduce winter feed costs. However, producers must be 
aware that during the stockpiling period, the land set aside for stockpiling is not available for 
grazing. Lower stocking rates required for winter grazing compared to summer grazing 
increases the requirement for land to graze in the winter. With large increases in land value 
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in 2004 and suburban and rural residential development, the beef cattle industry will continue 
to require a low cost system of beef production which would include minimal land and 
minimal use of harvested feeds. Therefore, future research should continue to find ways of 
reducing feed costs with minimal land use. 
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APPENDIX: ADDITIONAL TABLES 
Monthly average temperature, precipitation, snowfall, and days with snow cover during yrs 1 and 2 of grazing stockpiled tall 
fescue-red clover, and the 30 year average. 
Apr May June July Aug Sept Oct Nov Dec Jan Feb 
30 yr average 
Average temperature, °C 10.3 16.6 21.9 24.5 23.3 18.4 11.6 3.3 -3.9 -6.4 -3.2 
Precipitation, cm 9.1 10.8 11.6 10.4 11.5 8.0 6.7 5.3 3.4 2.6 3.0 
Snowfall, cm 6.9 0.0 0.0 0.0 0.0 0.0 10.2 11.4 19.6 22.4 20.8 
Year 1 2003-2004 
Average temperature, °C 11.2 15.4 20.4 23.2 23.4 16.9 12.4 2.5 -1.7 -7.2 -5.l 
Precipitation, cm 11.2 12.2 15.0 16.8 2.5 10.0 2.4 10.9 2.7 1.8 3.6 
Snowfall, cm 14.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 29.2 20.6 35.6 
Days with 2: 2.54 cm snow 0 0 0 0 0 0 0 0 21 13 25 
cover 
Year 2 2004-2005 
Average temperature, °C 11.7 17.1 19.9 21.9 19.5 19.7 12.4 5.4 -2.2 -7.6 0.0 
Precipitation, cm 6.1 20.8 9.1 5.0 13.2 3.4 4.6 7.7 1.2 1.3 4.7 
Snowfall, cm 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 2.5 39.4 11.9 
Days with 2: 2.54 cm snow 0 0 0 0 0 0 0 0 1 27 5 
cover 
Mar 
3.6 
5.6 
10.4 
8.1 
8.9 
30.2 
3 
3.0 
3.5 
12.7 
1 
-..i 
0 
Mean values (SD) of stockpiled tall fescue-red clover forage mass (n=8) for grazed and ungrazed forage, yr 1 and 2. 
Month 
Oct Nov Dec Jan Feb Mar 
Forage mass, kg ha·' 
Year 1 
Ungrazed 3806.6 (623.5) 3029.2 (943.0) 3152.5 (467.3) 3124.7 (420.4) - 2664.2 (378.8) 
Grazed 3806.6 (623 .5) 2107.8 (702.8) 1248.8 (265.5) 1527.9 (440.5) - 1244.5 (325.8) 
Year2 
Ungrazed 4010.6 (431.8) 3682.5 (604.0) 2930.6 (339.0) - 2902.l (493.4) 3560.7 (302.6) 
Grazed 4010.6 ( 431.8) 2546.0 (709.7) 1248.8 (412.9) - 1443.6 (412.6) 1233.8 (589.4) 
-.....} 
......... 
Chemical composition of ungrazed stockpiled tall fescue-red clover forage (n=8) and hay (n=2) and monthly change. 
Significance 
Initial concentration Monthly SE Forage (F) Month(M) 
change 
Year 1 
CP, %DM 
Stockpile 9.83 -0.01 0.14 
<0.0001 0.16 Hay 12.33 -0.05 0.27 
IVDMD, %DM 
Stockpile 56.04 -1.21 0.40 0.71 <0.0001 Hay 56.64 -0.61 0.69 
ADIN, %N 
Stockpile 8.54 0.60 0.30 0.39 0.95 Hay 7.40 -0.58 0.57 
Year2 
CP, %DM 
Stockpile 9.88 -0.13 0.16 0.006 0.0005 Hay 10.38 -0.05 0.33 
IVDMD,%DM 
Stockpile 59.96 -1.82 0.51 0.01 0.002 Hay 53.69 -0.12 1.01 
ADIN, %N 
Stockpile 6.23 -0.60 0.16 0.05 0.003 Hay 7.59 -0.07 0.28 
FxM 
0.49 
0.15 
0.0007 
0.01 
0.005 
0.0003 
-....) 
N 
Forage allowance3 (SE) for cows grazing stockpiled forage at high (HSR, 1.19 cow ha-1) 
(n=4) and low stocking rates (LSR, 0.84 cow ha-1) (n=4), yr 1 and 2. 
Year 1 Year2 
Day HSR LSR HSR LSR 
0 3.28 (0.29) 4.58 (0.29) 3.90 (0.29) 5.67 (0.29) 
28 3.06 (0.23) 4.30 (0.23) 3.74 (0.25) 5.40 (0.25) 
56 2.78 (0.20) 4.02 (0.20) 3.56 (0.21) 5.08 (0.21) 
84 2.59 (0.21) 3.70 (0.21) 
112 3.22 (0.24) 4.50 (0.24) 
147 2.06 (0.34) 3.02 (0.34) 2.96 (0.33) 4.06 (0.33) 
3kg forage I 00 kg cow BW- d-
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Selection indicesa (SE) of steers grazing stockpiled tall fescue-red clover (n=8) or hay (n=2) and rumen masticate samples in 
November and March 
Hay Grazing Forage Grazing 
system 
High Low Stocking Stocking 
stocking stocking High supp. Low supp. Supp. 
ratea rate 
rate rate* suppl. 
Year 1 
November 
CP 0.99 (0.10) 1.37 (0.07) 1.21 (0.07) 1.35 (0.07) 1.23 (0.07) 0.01 NS NS NS 
IVDMD 1.11 (0.06) 1.28 (0.05) 1.27 (0.05) 1.32 (0.05) 1.23 (0.05) 0.02 NS NS NS 
ADIN 0.99 (0.07) 0.79 (0.06) 0.87 (0.06) 0.75 (0.06) 0.92 (0.06) 0.04 NS 0.03 NS 
March 
CP 0.84 (0.06) 1.10 (0.04) 1.22 (0.04) 1.16 (0.04) 1.16 (0.04) 0.002 0.08 NS NS 
IVDMD 1.01 (0.05) 1.41 (0.05) 1.34 (0.05) 1.4 (0.05) 1.34 (0.05) <0.0001 NS NS NS 
ADIN 1.41 (0.12) 0.78 (0.10) 0.81 (0.10) 0.76 (0.10) 0.83 (0.10) 0.0002 NS NS NS 
Year2 
November 
CP 1.04 (0.07) 1.18 (0.05) 1.26 (0.05) 1.18 (0.05) 1.27 (0.05) 0.03 NS NS NS 
IVDMD 0.97 (0.04) 1.10 (0.04) 1.05 (0.04) 1.06 (0.04) 1.08 (0.04) 0.04 NS NS NS 
ADIN 1.10 (0.07) 0.80 (0.06) 0.71 (0.06) 0.68 (0.06) 0.84 (0.06) 0.0004 NS NS NS 
March 
CP 0.85 (0.04) 0.99 (0.03) 0.97 (0.03) 0.97 (0.03) 0.99 (0.03) 0.004 NS NS NS 
IVDMD 0.99 (0.04) 1.13 (0.03) 1.14 (0.03) 1.16 (0.03) 1.11 (0.03) 0.002 NS NS NS 
ADIN 1.18 (0.06) 0.81 (0.07) 0.80 (0.07) 0.81 (0.07) 0.80 (0.07) <0.0001 NS NS NS 
a Ratio of concentration in selected forage to concentration in available forage. 
b High and low stocking rate and high and low supplementation levels. 
-...) 
~ 
Mean composition (SE) of forage selected by steers grazing stockpiled tall fescue-red clover (n=8) or consuming hay (n=2) in dry 
lots. 
Hay Grazing Grazing 
High Low Forage Stocking Stocking 
stocking stocking High supp. Low supp. 
system rate Supp. rate* 
ratea rate SU.Q.Q· 
Year 1 
November 
CP, %DM 11.9(0.51) 10.6 (0.49) 10.7 (0.49) 10.9 (0.49) 10.3 (0.49) 0.04 NS NS NS 
IVDMD, %DM 65.3 (1.35) 62.5 (0.60) 62.7 (0.60) 65.0 (0.60) 60.3 (0.60) 0.09 NS 0.0005 NS 
ADIN, %N 4.8 (0.59) 9.5 (0.32) 7.9 (0.32) 8.1 (0.32) 9.4 (0.32) <0.001 0.009 0.02 NS 
March 
CP, %DM 9.8 (0.48) 9.1 (0.30) 9.9 (0.30) 9.4 (0.30) 9.7 (0.30) NS 0.08 NS 0.09 
IVDMD, %DM 54.2 (0.97) 57.6 (1.23) 56.4 (1.23) 56.4 (1.23) 57.5 (1.23) 0.02 NS NS NS 
ADIN, %N 5.0 (0.79) 10.1 (0.48) 11.0 (0.48) 10.7 (0.48) 10.4 (0.48) <0.001 NS NS 0.04 
Year2 
November 
CP, %DM 10.7 (0.41) 10.8 (0.31) 10.8 (0.31) 10.9 (0.31) 10.8 (0.31) NS NS NS NS 
IVDMD, %DM 52.4 (1.66) 58.4 (1.49) 57.l (1.49) 58.8 (1.49) 56.7 (1.49) 0.01 NS NS NS 
ADIN, %N 7.4 (0.59) 6.9 (0.55) 6.1 (0.55) 5.8 (0.55) 7.2 (0.55) 0.17 NS NS NS 
March 
CP, %DM 8.1 (0.34) 8.5 (0.24) 9.0 (0.24) 8.7 (0.24) 8.8 (0.24) 0.10 NS NS NS 
IVDMD, %DM 52.4 (1.53) 53.1 (1.25) 54.1 (1.25) 54.4 (1.25) 52.8 (1.25) 0.49 NS NS NS 
ADIN, %N 6.9 (1.56) 8.6 (0.73) 8.6 (0.73) 8.5 (0.73) 8.7 (0.73) 0.01 NS NS NS 
a High and low stocking rate and high and low supplementation levels 
-.._] 
VI 
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Forage and total intake (SE) of cows grazing stockpiled tall fescue-red clover (n=8) and cows 
consuming hay (n=2) in dry lots in November and March. 
FQrag~ Significance 
Hay Grazing Forage (F) Season (S) 
Forage intake, kg d-1 
FxS 
Year 1 
November 26.7 (2.4) 14.1 (2.2) 0.41 0.0004 <0.0001 March 13.9 (2.4) 18.2 (2.2) 
Year2 
November 17.0 (1. 7) 15.6 (0.9) 0.52 0.57 0.93 March 16.1 (1.7) 14.9 (0.9) 
Total intake, kg d- 1 
Year 1 
November 26.7 (2.5) 14.1 (1.9) 0.40 0.02 <0.0001 March 13.9 (2.5) 19.0 (1.9) 
Year2 
November 17.0(2.1) 15.6(1.1) 0.60 0.70 0.92 March 17.5 (2.1) 16.4 (1.1) 
77 
Amounts of com gluten feed and hay (SD), kg cow-1, fed to cows grazing stockpiled tall 
fescue-red clover and cows fed hay in dry lots, yr 1 and 2. 
CG Fa 
Hay 
CGF 
Hay 
Stocking rate and supplementation level 
High Low 
H~~ ~w H~ ~w 
86.1 (5.6) 
0 
95.3 (43.5) 
0 
8.7 (3.4) 
0 
9.1 (0) 
0 
Year 1 
126.6 (136.5) 
0 
Year2 
129.9 (84.6) 
0 
7.2 (2.1) 
0 
9.1 (0) 
0 
a CGF- com gluten feed 
b High stocking rate- 1.19 cow ha-1 , low stocking rate- 0.84 cow ha-1 
Dry lot 
2.3 (3.3) 
2564.5 (80.0) 
60.7 (65.3) 
2157.6 (12.7) 
c High supplementation, cows maintained at body condition score 5, low supplementation, 
cows maintained at minimum body condition score 4.33 
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